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LC» TUX 


Ngay nay, su phat trien vat lieu va cong nghe vat lieu dang trd thanh mot trong 
nhung van dc then chot trong sir nghiep cong nghiep hoa, hidn dai hoa dat nude. Tat ca cac 
nganh ky thuat deu phai sir dung vat lieu va ngay cang tim ra nhieu loai vat lieu mdi, co tinh 
nang rieng, dap ung nhung ddi mdi ve chat lugng san pham hoac tao ra san pham mdi. Vat 
lieu va cong nghe vat lieu la hai van de gan ket, kh6ng the tach rdi de che tao ra san pham 
chaft lugng cao cho xa hoi. Nhtfng phat hien mdi ve vat lieu se tao ra tien de de phat trien 
c6ng nghe vat lieu; d6ng thdi vdi su kham pha ra cac cong nghe san xuat, tao hinh, gia cong 
vaxir ly vat lieu mdi cung md dudng cho cac vat lieu mdi ra ddi. 

Vi vay, kd tiep cudn “Vat lieu hoc” do cdGS. TSKH. Le Cdng Dudng chu bien, Nha 
xu^t ban Khoa hoc va Ky thuat phat hanh n&m 1997, cuon such “Cong nghe Vat lieu” ra ddi 
lin nay se tao ra mdt bd sach hoan chinh ve khoa hoc va edng nghe vat lieu, dap ring tdt 
chuong trinh duo tao nganh rong Ky thuat Vat lieu vira dugc Hoi ddng Giao due Qudc gia 
thong qua. Cuon sach cung la tai lieu tham khao cho cac nha quan ly, cac ky su lam viec 
trong cac ITnh vuc cong nghiep khac nhau. 

Trong cuon edng nghe vat lieu nay, cac tac gia se de cap tdi cac llnh vuc san xua't, tao 
hinh, gia cong va xir ly cac vat lieu kim loai, vat lieu vo cct phi kirn loai va vat lieu hOu ca- 
polyme. 

Noi dung cuon sach bao gom cac llnh vuc sau. 

1. Cdng nghe vat lieu kim loai ; gom cac van de: 

San xuat vat lieu kim loai: cac phuong phap che tao ra vat lieu kim loai tir quang va 
na'u luyen chiing thanh cac hop kim (chuong 2). 

Tao hinh vat lieu kim loai nhd cac cong nghe due, him, cac phuong phap gia cong bien 
dang nhu can, ren, dap, cung nhu phuong phap luyen kim bot va bao ve kim loai khoi su an 
mdn (tir chuong 3 tdi chuong 7). 

2. Cdng nghe vat lieu polyme: cac phuong phap tong hop, tao hinh, cac ttnh chat gia 
edng vat lieu va mdi quan he gifra chung vdi chat luong san pham (chuong 8). 

3. Cong nghe vat lieu vo co phi kim loai bao gdm sail xuat, tao hinh va sir dung cac 
nhom vat lieu: gom, thuy tinh, ximang va betdng (chuong 9). 

Ngoai ra, cuon sach cung de cap tdi cac nguyen tdc trong edng nghe vat lieu va sir lira 
chon cong nghe cho mdt so chi tiet va cum chi tiet nham thoa man chat luong, kinh te va 
bao ve mdi trudng (chuong 1); ddng thdi cung gidi thidu mot sd phuong phap tien tien trong 
edng nghe vat lieu (chuong 10 va 11). 

Trong qua trinh bien soan, chk chiln khong trinh khoi thie'u sot. Chung tdi mong 
nhan dugc nhieu dong gop qui bau cua ddc gia, xin gui theo dja chi: Bd mdn Vat lieu va 
Cong nghe Due, trudng Dai hoc Bach Khoa Ha Ndi. 

Chu bien 

GS.TSKH. NGUYfiN VAN THAI 
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lOi noi dau 


Ngay nay cung vdi sir tien bo vuqt bac cua khoa hoc va ky thuat noi chung, khoa hoc 
va cong nghe vat lieu cung dang tr£n da chi£m lTnh dinh cao cua trf tue loai ngudi. Nhffng 
thanh tuu cua khoa hoc va cdng nghe vat lieu da lam thay doi ve co ban c&u true cua chi tiet 
may, lam cho cac may moc nho, gon hon nhicu. Trong cac loai vat lieu dang su dung, sdt va 
hop kim cua no la loai vat lieu c<5 dien vi chung da dupe con ngudi su dung tir thdi rift xa 
xua, nhung ngay nay, cac loai hap kim cua sdt van tiep tuc duac nghien cuu vi ban than sdt 
la nguyen ttf chuyen tiep va co cdu hinh nguyen tir rat dac biet, d§ lai tao quT dao d£ hinh 
thanh nhung vat lieu mdi. Thep hop kim thap do ben cao, thep chiu an mon trong vu tru, 
thep chiu nhiet cao... la nhung lTnh vuc dang duac quan tam a cac ca quan nghien ciru. 

Nhung vat lieu mdi nhu vat lieu sieu deo, sieu ddn, vat lieu nhd hinh, vat lieu quang 
tir... dang mo ra mot ki nguyen mdi cho cac nganh c6ng nghiep dien - dien tur. Vat lieu t6 
hap compozit cung dang tr£n da phat irien nhanh chong trong hau het cac lTnh vuc. 

Viec tao hinh chi tiet trong cong nghe vat lieu cung da co nhtfng tie'll bo vuqt bac. Ben 
canh nhung phuang phap c6 di£n nhu due, can, han, ren... da xua't hien nhung phuang phap 
“giao thoa” cua nhtfng cong nghe tren nhu: due dap long, due ban long, han ren, ... mang lai 
hi6u qua kinh te ky thuat cao. Nhrrng phuang phap gia cOng vat lieu ung dung tia laze, 
plasma cung dang duac ap dung rong rai. Mat phuang phap mdi la phuang phap che tao mau 
nhanh (rapid prototyping) cung dang duac nghien ciru tridn khai nhdm nhanh chong dua cac 
ket qua nghien cuu ting dung vao trong thuc tien. 

Ndm vfrng va di^u khien cac tfnh chat vat lieu theo y6u cau la nhiem vu vd cimg quan 
trong ciia nhung nha nghien ciru vat lieu. Cuon sach nay nham gidi thieu nhung nguyen ly 
chung nhat cua ky thuat vat lieu, giup cho ngudi doc ndm duqc cac phuang ph£p nau luyen, 
che tao, gia cong cac loai vat lieu phd thdng hien nay. Trong qua trinh bien soan, cac tac gia 
da c 6 gang ke't hap nhung kien thirc kinh dien vdi nhung thanh tuu mdi de cap nhat kien thirc 
cho nhftng ngudi dang lam viec trong lTnh vuc cong nghe vat lieu. 

Cuon sach duac bien soan vdi su tham gia cua GS. TSKH. Nguyen Van Thai (chuang 
1 va 2); PGS. Pham Quang LOc va PGS. TS. NguySn Hiru Dung cung vie't cac chuang 3, 4, 
5, 6,1; PGS. TS. Bui Chuang viet chuang 8; PGS. TSKH. Nguyen Anh Dung vi£t chuang 9; 
PGS. TS. Nguyen HCru Dung viet chuang 10 va 11. Trong qua trinh bien soan chdc chdn con 
co nhicu thie'u sdt, rift mong duqc su gop y cua cac ban dong nghiep. Moi gop y xin gCri v6: 

Bo mon Vat lieu va Cong nghe Diic, trudng Dai hoc Bach khoa Ha Ndi. 

Xin chin thanh cam an. 


Cac tac gia 
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Chtfcrng 


V^T LIEU VA CONG NGHE VAT LIEU 

NHUNG khai niem 

1.1. KHOA HOC VAT LIEU V6l SU PH AT TRIEN V^T LIEU Mtfl 

Doi tupng nghien ciru cua khoa hoc vat lieu la nghien cuu ban chat, cau true vat lieu, 
moi quan he giua cau true va tfnh chat cua chung, ttr do de ra c6ng nghe chd tao va viec su 
dung cho thich hop. Khai niem v£ c£u true vat lieu bao gom cau tao, li£n ket nguyen tir, c<Yu 
true tinh the, 1 6 chirc vi mo va vl md. Tfnh chat cua vat lieu bao gom tinh chat co hoc, ly 
hoc, hoa hoc, tfnh cong nghe va tinh su dung. Co tfnh la nhom tfnh chat dupe coi la quan 
trong nhat ddi v6i phan Ion cac vat lieu dang dupe su dung hifin nay trong cong nghiep. 

Ba nhom lem cua vat lieu cong nghiep la vat lieu kim loai, vat lieu hflu co-polyme va 
vat lieu v6 co-ceramic. Mot loai vat lieu moi la vdt liSu compozit cung dang dupe uu ti£n 
phat trien trong nhung nam gin day. Compozit chfnh la su ket hop nhan tao cua hai hoac ba 
loai vat lieu co ban ke’ tren. 

Vat lieu kim loai, triroc he't la thep, van giu vai tro then chd't trong qua trinh phat trien 
cong nghiep. Trong nhung nam gfin day, cong nghe vat lieu dang di vao nghien curu va su 
dung cac loai thep co chat lupng cao nhu thep hop kim thap do bdn cao, thep hop kim hoa vi 
lupng, thep nito, thep ket cau sieu ben... Ben canh do, vai tro cua nhom trong ky thuat cung 
ngay cang tang, din din dang chiem uu thd trong xay dung nha cua, phuong tien giao thong, 
dung cu dien tir, do lirdfng... Hop kim nhom nhc? co do ben rifcng cao, chong an mon tot da 
trd thanh loai vat lieu rat thfch hop trong cong nghiep ot6, may bay, tau thuy. Do nhung tfnh 
chit uu viet cua hop kim nhOm ma cac phuong ti£n giao thong co kha nang tang h£ so tai 
trong co feh, tang toe do, giam ticu hao nhien lieu, dem lai hi£u qua kinh te ri't to Ion. 

Vat lieu polyme co nhiiu uu diem nhu do ben rieng cao, tfnh deo cao, tfnh 6n dinh 
hoa hoc cao trong nhieu moi truefng... cung vai kha nang de tao hinh va gia c6ng, gia thanh 
re da lam cho pham vi su dung cua polyme ngay cang rong rai. Tuy nhien, vefi chuc nang la 
vat lieu ket cau, polyme con co nhung nhupc diem la do ben chua cao, kha nang chiu nhiet 
thi'p, tupi tho ngdn. Khic phuc nhfrng nhupc diem nay la nhiem vu nghien cuu thuemg xuyen 
cua cac nha nghien ciru va che tao vat lieu. 

Nhd nhung thanh turu in6i trong khoa hoc va cong nghe ma vat lieu gom su dung trong 
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cdng nghiep khdng chi gicri han trong nhom vat lieu chiu lira, vat lieu cat got... ma da phat 
trien sang vat lieu gom ke't cau. Cac loai dpng ca may n6 che tao tir gom ket can he cacbit da 
duoc nghien cun che thCr va da mo ra ky nguyen mdi cho viec su dung dong ca chay bang 
nhien lieu hydro co hieu qua cao, khong gay 6 nhi£m moi trudng. G6'm thuy tinh (sital) cung 
la mol loai gdm ket cau ddy ti£m nang. 


San xuat vat Hen 

Luydn kitn, san xuat 
vat lieu poly me, 
gom, thuy tinh va 
chat dmh ket. 


Nghien cirii va nliirung nhap kiem fra 

Thi du: Kiem tra co tinh khong pha huy, 
td chtfc, kiem tra thong ke chat lirpng. 


phan tich sir pha huy (hong). 


\ 


/ 


/ 


VAT LIEU HOC 


Pinh tieu clman va 
ky liieu 

Tin du: Tieu chuan 
thanh phan hoa hoc, 
kich thircrc, tinh chat 
va phifemg phap thir. 


Gin cone vat lieu 


Klioa hoc vat lieu 


Sir dung vat lieu 


Thi du: Due, bien dang 
(can, ren, dap), han, xu 
ly b 6 mat vat lifiu. 


Khoa hoc ve moi quan he giua 
cau tao tinh the v6i tinh chat 
cua tat ca cac nhom vat lieu. 


Vat liSu cho cac lTnh vuc: 
phan ting hat nhan, che tao 
may, ky thuat dien, dien tir, 
xay dung. y hoc... 


Ilinh 1.1. Cac lTnh vuc vat lieu. 


Vat lieu compozit ve thuc chat la mdt kieu lai tao vat lieu (a hybried creation) giua hai 
hoac nhieu loai vat lieu, sao cho tinh chat ciia chung bd sung cho nhau. Doi v6i compozit 
ka't cau thi yeu cau ve do bin rieng cao, tinh dco tot la yeu cau hang dau. Hic’u va ki£m soat 
dupe qua trinh xay ra khi che tao compozit co tain quan trong dac biet do’ phat trien loai vat 
lieu nay. 

1.2. SI/ PHAT TRIEN CUA CONG NGHE VAT LIEU 

Cong nghe vat lieu bao gom nhung bien phap, giiii phap va cong nghe c\6 che tao ra 
vat lieu hoac cac chi tiet cu the tren ca sa nhung ket qua nghien ciru cua khoa hoc vat lieu. 
Cdng nghe vat lieu bao gom hai lTnh vuc: 

- Lua chon vat lieu. 

- Gia cong vat lieu. 

a. Lira chon vat lieu 

Chat lupng va tudi ben cua san phdm phu thuoc chii yeu vao vilt lieu dupe sir dung. 
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Cac tmh ch£'t cua vat lieu duoc chon phai dap urng duoc cac dieu kien lam viec cua san 
phaim. Cac tieu chi dung de danh gia va lira chon vdl lieu la: 

- Co tmh: can xac dinh che do lam vice va kha nang chiu tai cua san pham nhu cuong 
d6 va huOng tac dung cua luc, do bSn cue dai ma chi tiet phai chiu, tmh chiu mai mon, kha 
nang chiu an mon... 

- Dieu kicn lam viec: nhiet do va moi truerng co anh huong rat Idn den moi ben cua 
chi tie't. D6i voi kim loai va hop kim, sir thay d6i nhiet do se gay ra chuyen bi£n pha trong 
v&t lieu va lam thay d6i 1 6 churc cua vat lieu. Thong thucmg nhiet do tang se lam giam do ben 
cua vat lieu. Doi veri polyme, nhi£t do tang se lam dirt hoac giai phong cac lien k6t lam cho 
tmh chat cua vat lieu cung giam di nhieu. Thf du, parafin {nen) bi bien mem ngay o nhiet do 
40 -s- 50 n C, nhung nen du do cirng vung de lam mail trong due tuong d nhiet do 20 -s- 30°C. 
Moi truong co the’ giy ra hien tupng an mon va pha huy chi tiet rat ghe gdm nhii't la doi voi 
nhung chi tiet lam vice trong nude bien hoac cac chi tic't trong nha may hoa chat... 


THEP 


Chi phi san 
xii at 100% 


Trong luong 

100 % 

- 


ft 








Do cung 
chong xodn 
100 % 


HK NHOM 


128% 



52% 


POLYME 


221% 


51% 




72% 



Ilinh 1.2. So sanh cac chi tieu kinh le, ky thuSt 
khi san xuat cacdang old bang cac vat lieu khac nhau. 

* Kha nang che tao va ldp ghep chi tiet: Day la hudng lira chon cong nghe che tao. 
Mot chi tiet co the duoc che tao bang nhieu cong nghe khac nhau. Mdi c6ng nghe deu co uu 
va nhuefe diem. Thf du vdi nhom, co the dung cong nghe due, can, keo... nhung nhom rat 
kho han. Ket cau cua chi liet phai hop ly, thf du, tranh sir tap trung ting suat, dac biet la ting 
suat trong mOi trucmg an mon, tranh cac ch6 co thdt dot ngot de tao dong xoay gay mai mon 
va an mon, boi vay can su dung cac phuong phap che tao re tien, ton ft nang luong. 
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- Hieu qua kinh te: tdng hop cac yeu 1 6 neu tren quyet dinh sir dung loai vat lieu 
nao va cong nghe che tao cho phu hop. Cung khdng nen sir dung vat lieu co tfnh ch£t quA 
cao so vdi nhu cAu, gay lang phi, td'n kem. Vat lieu co the tai sinh, sir dung nhieu ldn hoac 
che tao chi tiet tir san pham tai sinh deu lam giam gia thanh chi tie't. 

- Bao ve moi trudng va an toan lao dpng. Vat lieu dupe su dung kh6ng dupe thai chat 
doc anh huong den sure khoe con ngudi, qua trinh sir dung va van hanh edng nghe che tao 
phai dam bao an loan cho ngudi su dung. 

Thf du, d£ san xuat true cacdAng dtd, co thi lua chon mdt trong cac loai vat lieu la 
thep, hop kim nhdm hoac polyme. Hinh 1.2 cho thA'y cac chi tieu de lua chon vAt lieu cho 
chi tiet nay. 

Neu lay chi pht toan bp san xuA't, dp cung vung chong xoAn va trong lupng true 
cacdang bang thep la 1007c thi trong lupng chi tie't bang hop kim nhdm chi co 597c va bang 
polyme cot spi la 517c. Mac du vay, true bang polyme spi thuy tinh hoac spi cacbon rA't dat 
va khdng the tai sinh dupe nen khdng dupe su dung la vat lieu che tao true noi tren. 

Thf du each lua chon vat lieu bang each lap bang cac tieu chi'. Trudc het dua vao dieu 
kien lam viec va lire tac dung len chi tie't, tmh dupe cudng dp luc cue dai ma chi tiet phai 
chiu trong qua trinh lam viec rdi so sanh vdi bang chuan ve co ti'nh cua vat lieu va quyet 
dinh lua chon. Ke't hop them vdi viec phan tfch tfnh dco, kha nang chiu nhiet, an mon, gia 
ca... roi quyet dinh. 


Bang 1.1. Co tfnh cua mot sd vAt lieu thdng dung 



Dp ben <r 
MN/m 2 

Mddun E 
CiN/m 2 

Ti trong p 
kg/m 3 

-- 

a/p 

E/p 

Gd 

10 


144 

wmm 

—i 

Thep thudng 





wbM 

Thep khdng gi 

980 

185 

7855 

0,124 

0,024 

A1 hop kim 

500 

70 

2810 

0,178 

0,025 

Compozit nen polyme 

1240 

48 

2000 

0,620 

0,024 


Ngay nay tren the gidi da co nhieu phan mem rat thuan tien cho viec lua chon vat lieu, 
mot trong nhQng phAn mem do la CES (Cambridge Evaluation System). Dua vao CES, co thd 
lua chon dupe hon 3000 vat lieu, hon 125 cong nghe khac nhau cho 15000 chi ti£t cac loai. 

b. Phan loai vat lieu 

Vat lieu kim loai: la vAt lieu pho bie'n nhat. Dac diem co lien ket kim loai (dang lien 
ket tinh the), dAn dien rot, co anh kim, co the bie'n dang dco ngay a nhiet do lhA'p, phan ldn 
chiu an mon kem. Chung co cac loai: 


10 





Kim loai den: sit va hap kim cua sit, di£n hinh la gang va thep. Chung co nhu clu rlt Ion. 
Kim loai mau: la cac kim loai khac triJ sit. Chung bao gom cac nhom sau: 

- Kim loai mau nang: nhu Cu, Pb, Ni, Sn..co ty trong p = 7,1 -5- 11,3 g/cm 3 . 

- Kim loai mau nhe: Al, Mg, Ti vdi ty trong p = 1,7 + 4,5 g/cm 3 . 

- Kim loai mlu qu£: Au, Ag, Mo, W, Sb, As, Bi. 

- Kim loai mau hiem: Ce, La... 

Cac kim loai mau co th£ duac dung 6 dang ket hap thanh cac hap kim cua cac kim 
loai mau khac nhau. 


Hinh 1.3 . Phan loai cac 
nhom vat lieu. 


Kim loai 
* 



Vat lieu vd co - ceramic: co lien kit ddng hoa tri (duang luang), chu yeu giua kim 
loai va oxy, thf du Si0 2 : din dien kem, co thl nhin qua, khOng bi£h dang deo duac, rlt b§n 
hoa, nhiet do nong chay cao. 

Vat lieu polyme: Co li£n kit cac phln ttr theo mlt xich cung nhu dang sqi thing (hinh 
1.4a), co the noi cac mang nhd nguydn ttr S trong caosu (hinh 1.4b). 

Vat lieu polyme din dien kem, gion a nhiet do thup, co the bien dang a nhiet do hai 
cao, chin duac an mon d nhiet d6 thudng trong kh6ng khi, ty trong nho, nhiet d6 nong chay 
cung nhu nhiet d6 bien mem thlp. 


-C 




K— | h — 


a) 


b) 

Hinh 1. 4. Lien ke't phan tu trong polyme. 
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Vat lieu Compozit: Duoc phoi hap t6'i thieu tir hai vat lieu khac nhau va co tinh chat 
rat khac so v6i vat lieu ban d£u. Thi du: compozit c6t soi gdm cac sai manh rat ben trong 
nen m4m, chac nhir betong-c6't thep. Trong betong-cot thep, thep chiu ting suat keo con 
betdng chiu ting suat non va bao phu cho thep kh6ng bj an mon. 

N^m gitia cac vat lieu kim loai va polyme con co vat lieu polyme dan dien, giua kim 
loai va ceramic co vat lieu ban dan va si6u dan, giua ceramic va polyme co vat lieu silicon. 
Cac vat lieu ban dan va silicon duoc sip xep khong ro ret trong nhom nay. 

Bang 1.2. Phan loai vat li<hi 



Vat lieu truyen thong 

Vat lieu mdi 

Kim loai 

Gang, thep. 

Hap kim nhe tren co sa AI, Ti... 



Ceramic ky thuat (gom khong oxit), thi du: 

Ceramic 

Gom tir dat set, thuy tinh. 

• Si^N 4 : ben va nhiet do cao. 

• SiC: chi tiet chiu mon. 

• Thuy tinh Li: b£n, chiu nhiet, gian no it. 

Polyme 

Etylen C 2 H 4 

Polyme chiing loai mai nhu polyme dan di£n, 


Polyetylen - (C 2 H 4 ) n - 

polyme lai tao... 

G6 

G6 ta'm, g6 sue 

G6 ep dam, gb dan... 



Compozit nen polyme soi thuy tinh, sai cacbon. 
Compozit nen kim loai, sai kim loai. 


Vat lieu ban diin -» Vi mach 

Vat lieu quang, vat lieu tir... 


c. Quay vong vat lieu 


Kien thuc 


Nguyen lieu 



Hinh 1.5. Quay vong vat lieu. 




























D£ nang cao hieu qua kinh te va bao vfi m6i trudng, phai luon lu6n dam bao sir quay 
vong vat li£u trong qua trinh trang bi thie'l bj va thtrc hien quy trinh cong nghe. So d6 quay 
vong vat lieu dirge the hien tr£n hinh 1.5. 

d. Chon phirong phap gia cong 

M6t chi tiet hay san pham co the dung nhi6u phuang phap de gia c6ng che tao. Viec 
lua chon phircmg phap nao cin chu y de'n may van de sau day: 

1- Xem xet thi£t bi, d6 ga va dung cu ciia tirng phuang phap. Vi du true khuyu d6ng 
ca co the san xuat bang phuang phap due hoac ren. Gia cong cha't deo dung tao hinh bang 
chan kh6ng ihi dung cu dan gian nhung ban ki'nh goc va 66 sau bi han ch£, dung khu6n de 
che' tao chi tiet bang phun ep ihi dung cu dAt tidn. Kim loai co ih£ cat bang hai oxy - 
axetylen, bang h6 quang hoac bang laze... 

2- Phuang phap gia cong con phu thiioc vao dung chung loai vat lieu. Khi dung loai 
vat lieu khac so voi thie't ke' ciin thay d6i ket cau theo vat lieu, vi du thay ton day bang ton 
mong thi phai tang cung bang song mui, tang cung bang get 6 16, bi'ch... 

3- Tinh toan gia thanh toan b6 qua trinh san xuat phai xet den san luang nao thtch hop 
ma chon phuang phap (chon theo tmh chat cua sail xuat: don chie'c hay hang loat). 

Trong cong nghe co khi\ ti le cac cong nghe truyen thong da co nhung thay d6i co ban 
trong nhung nam vira qua. Con sd thong ke duoc cho 6 bang 1.3. 


Bang 1.3, Ty phan cua cac phuong phap gia edng vat lieu 


B 

Phuang phap cong nghe 

Nam 

1970 %) 

1975 (%) 

1985 (%) 

1995 (%) 

1 

Due 


4,41 

4,2 

4,0 

2 

Ren dap 

7,2 

7,43 

10,9 

14,6 

3 

ChAt deo 

- 

1,97 

2,4 

2,8 

4 

Han 

4.9 

5,34 

4,7 

4,0 

5 

Gia c6ng co 

31,7 

29,31 

27,1 

25,2 

6 

Gia cong nhiet 

1>3 

1,51 

1,4 

1,3 

7 

LAp rap 

32,3 

35,31 

37,1 

38,0 

8 

Sua be mat 

7,5 

5,66 

4,7 

4,0 


Gia cong bAng dien 

4,5 

4,88 

4,3 

3,8 


COng nghe khac 

5,9 

4,18 

3,0 

1,5 


Tong 

100 

100 

100 

100 


Bang tren cho thay, trong nganh co khi ti trong c6ng nghe ren dAp, cong nghe chat deo 
va cong nghe ldp rap tAng ro ret. DAy la nhtfng c6ng nghe gia cOng khong phoi, vira co hieu 
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qua kinh td nhung lai dd co khi hoa va tir d6ng hoa. Bang trdn cung con y nghia hd't sue to 
16n v6i nhQng nha hoach dinh chinh sach dao tao nhan luc, ndn d£u tu vao nhutig nganh nao 
dd phu hap vdi xu hudng phat trien cua thd gidi nhung lai can dO'i trong ndn kinh td cua nude 
nha. Vide lua chon phuang phap gia cOng nao cdn phai phan lich cac didu kidn cu thd. 

Thi du: Chon c6ng nghd chd tao cle hai dau. Vide quydt dinh phuang £n c6ng nghe 
nao con phu thuOc vao tinh chat cua san xuat. Ndu chisan xuat 5-5-10 chi tiet thl co thd due 
trong khuOn cat roi sua nguOi. San luong hang tram chiec thi dung phuang ph£p diic mau 
chay theo timg chum chi tidt. San luong hang ngan chid'c ndn dung phuang phap dap kim 
loai. Tuy ring khu6n dap dit hon khudn due nhidu lin. Vi du thu: hai, khi phai ghep ndi cac 
chi tiet 6 trang thai dac bidt, thi du, d nhiet dd rift cao hoac nhiet do rit tha'p, a trang thai 
khdng trong luong trong vu tru, nhtfng chi tidt ma khdng thd dCing dung cu lap ghep... thl 
phai dung tdi vat lieu nhd hinh. 

Cung vdi su tidn bO cua khoa hoc, cong nghe vat lieu cung da co nhtfng tidn bo vuot 
bac. Da c6 nhung phan mem thiet ke rat hoan chinh va sau do la gia c6ng tren may nhd su 
tro giup cua may tinh (CAD-Computer Added Design, CAM-Computer Added Machine). 
Cac phuang ph&p han cit laze; phun phu plasma; phuang phap rapid prototyping dung che 
tao nhanh chi tidt tir miu ban diu. 

Trong san xuat OtO thi polyme va ceramic duac dung nhidu de thay the kim loai. Dong 
thdi co nhieu cOng nghe moi ra d6i giup cho su phat then ciia vat lidu mofi. Thi du, nSm 
1974 ra defi phuang phap chd tao compozit m6i thay thd phuang phap thu cong ten la R-RIM 
(Reinforced Reaction Injection Molding): trOn hai thanh ph£n nhua ridng cung soi thuy tinh 
ng^n r6i phun vao khuOn nhim che tao chi tiet 16n nhu mui, vo ben d£u xe, chdng va 
(parachoc bang polyeste + sai thuy tinh) da lam giam trong luong cua xe khoang 60%. 

Tir 1970 compozit duac dung nhieu trong may bay: Bowing 747 dung compozit giam 
trong luong 570 kg, may bay Lockheed LI011 -r 500 dimg 1100 kg compozit giam 366 kg 
trong luong, list kidm 830 lit xang/nam. 

(3 tau con thoi Shuttle, khung lam bang hap kim A1 chiu nhiet do khoang 175 4> C; vo la 
16p chiu nhidt (nhidt d6 -110° ddn +1500°C) lap bang 30.000 vien ngoi c5 200 x 200 x 50 
lam bang compozit xop nhe (93% d6 x6p). Day la compozit thuy tinh g6m sai thuy tinh 
duemg kinh (1-5-4) pm, dai 3 mm va chat dinh dac biet. Mat ngoai ngoi co phu 16p thuy tinh 
borosilicat day 300 pm de tao do den, tang kha nang btre xa nhiet. 

Gi&i thieu cac phuang phap che tao cac san pham my nghe dien hinh Id Due dinh lu 
(san phim my ngh6 don chide). 

Trucfc htft c^n phan tich de di den lua chon vat lidu thich hap. 

1. Thach cao phu son: day la phuang phap tarn thefi vi thach cao d! v5, son khOng bdn 
theo thdi gian, dd bi bong troc. 
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2. Ximang + phun kim loai: san pham khdng dep. 

3. D6ng, gang hoac chi: chi dd due nhung chi ddc va be mat chi tiet se xin mau. 

4. Neu lua chon phuong dn due d6ng thi vide ch£ tao hop kim va cac phuong phdp ndu 
luyen d6i hoi co su kiim tra rift chat che vi day la chi tiet thanh mong, hinh dang phtfc tap. 

Co hai phirong an edng nghe: 

Phirong an 1: phuong phap thu edng truyln thdng, due li£n khd'i. Quy trinh san xu*t 
co thd tom tat nhu sau: 

Mau dat set -> Mdu thach cao -> Vat due thd San phim. 

Khu6n thach cao -> Khudn ddt Due. 

Phirong an 2: phuong an edng nghidp ket hop giOa phuong phap truydn thd'ng voi ky 
thuat mdfi bang each ghep khudn nhieu manh. 

Mo hinh set —> Mau chay —> San pham. 

Mdu thach cao (mdt phan). 

Trong cong nghe nay vat due dupe chia thanh nhi4u phan co the tach refi nhau. Khudn 
due bao gom hai phan, mot phan lam khudn thach cao va phan ldn con lai la khudn due chinh 
xac, khudn cat thuy tinh long. Sau do ghep cac phdn khudn lai vdi nhau r6i lien hanh rot. 

Thi du khac de xem xet va so sanh khi chon vat lieu chd' tao cac loai dung cu: 

1. Vgt lieu nan an 

Cln phai lira chon xem vat lieu nao la thfch hop. Cac loai vat lieu co th£ dimg dupe la: 

A1 : Dan nhidt, chong an mon, dd dap, re, nhe, de xude, neu anot hoa se dep hon. 

Thep : Dan nhidt va chd'ng an mon deu kem, can trang men; nd'u lam bang thep 

khong gi inox thi dat lien. 

Gang : Dan nhiet kem nhung giu nhidt tot, can trang men dd’ chong gi. 

Dong : Dan nhidt td't nhung ddc. 

Gd'm : Dan nhiet kem, dd vd, dd lam sach; pyrex kha hon nhung re. 

Gd : Dung lam tay cam. 

Plastic : Dung lam tay cam, chat chong dinh teflon dung trang trdn thep, nhdm. 

Khi quyet dinh chon loai vat lidu nao, c3n xem xet dd'n cac mat: gia thanh vat lidu, 

kha nang che tao, hidu qua sir dung, tieu thu nang lirpng, do bong dep b6 mat, kha nang lam 
sach... 

2. Cong nghe va vat lieu clung che tao ednh tuabin thuy (lien nho 

Co 3 phuong an edng nghe chd tao: 

a. Due \iin khoi: Chi tid't ben do lien ket canh voi than la lien khd'i. Nhung cong nghd 
due phuc tap, n£u mot canh co khuyet tat phai bo ca chi tid't, kho gia edng sura chtra. 
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b. Due timg canh rari roi han vao than tuabin: COng nghe due tirng canh mdt dan gian 
hon, nhimg doi hoi phai c6 c6ng nghe han t6't. 

c. Phirang an due canh refi roi ghep vao than bang nhfmg mong mang ca: C3n phai gia 
cong chinh xac cac m6ng lap ghep de dam bao can bang dong cho tuabin khi lam vi6c. 

Vat lieu lam canh tuabin co the la hop kim d6ng hoac thep. Tong hop lai, co sau 
phirang an ch£ tao chi ti£t tuabin. M6i phirang an co uu nhupc diem cua no. Sir dung phuong 
an nao con phu thuoc vao dieu kien san xuat, di6u kien gia cong co khi, edng nghe han, lap 
ghep... 


16 



Chtfcmg 



SAN XUAT VAT LIEU KIM LOAI 

2.1. CAC PHUONG PHAP LUYEN KIM 

Qua trinh luyen kim la qua trinh che tao ra kim loai tir quang c6 Kan trong tir nhien, 
chung bao gbm ba bubc: 

- Chuan bj, xir ly quang lam cho quang giau, dap ung tbt cac qua trinh san xuat tiep 

theo; 

- Che tao vat lieu tho bang each tach kim loai khoi cac hqp chat trong cac khoang cua 
quang va loai bo cac hqp chat cua cac kim loai khac; 

- Tinh luyen vat lieu tho de dat duqc kim loai co do sach mong muon va tach cac tap 
chat khac ra khoi kim loai. 

Viec chon cac phuong phap chc tao ra vat lieu tho va tinh luyen chung tuy thuoc vao 
loai quang, thanh phdn va ham lirqng cua kim loai chira trong quang; cung nhu cac kim loai 
qui, co gia tri trong no; nhuthu Au, Ag... trong quang dong; Co trong quang niken. 

Ve co ban, co ba phuong phap che tao kim loai tir quang la: hoa luyen, thuy luyen va 
dien luyen. Ngoai ra, co su khac biet trong c6ng nghe tach kim loai khoi quang: cac nguyen 
to co ai lire hoa hoc vbi oxy thap nhu Fe, Ni, Cu, Co co thC hoan nguyen bang C hoac H; con 
cac kim loai co ai lire hoa hoc cao vbi oxy nhu Al. Ti, Mg thi cong nghe san xuat trb non 
phu-c tap hon nhieu. Phuong phap hoa luyen da t6n tai tir rat lau va luon la phuong phap duoc 
sir dung nh'iin nhat. Cac kim loai quan trong nhu Pb. Co. Fe, Cu. Ni. Ti chit yeu hoac hoan 
toan duqc san xuat bang phuong phap hoa luyen. Trong pliurn vi giao trinh nay, trie gia mbi 
chi de cap tbi cbng nghe san xuat gang, thep va nhom, dong. 

2.1.1. Chuan bj quang 

Quang sau khi khai thac tir mb thubng khong thich hqp cho viec san xuat ra kim loai 
vi thanh phan kim loai trong no thubng chua du cao (quang chua giau). Vi vay can thiet phai 
xu ly quang. Vi£c chuan b; quang thubng bao gbm qua trinh lam giau quang va tao cho 
quang co do cue nhat djnh. Muon lam giau quang phai tach cac phan tir khong mong muon 
ra khoi quang. Trudc het, phai dap, lam nho va nghidi quang. Trong di6u kien crin thiet phai 
hoa tach trong dung dich va bang cac bicn phap thich hqp dC' tach tap chat khoi quang. Cac 
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phuong phap tach tap chat da dupe sir dung la: Phuong phap ty trong, phuong phap tir dupe 
dung nhidu de xir ly quang Fe va Ni. Mot phuong phap quan trong khac la phuong phap 
tuy^n n<5i. 

Sau khi lam giau quang dupe nghien nho. Quang tinh duqc gia cdng tie'p nhd ve vien 
hay nhd nung thieu ket thanh cac cue co do ldn thich hop. Khi ve vien, co the dung them 
chat dinh ket thanh dang cac quang am, dupe dua vao thung quay. San ph^m nhan dupe la 
cac cue cd dudng kmh khoang 10 mm. Sau do, co th£ nung chung trong 16 dung, 16 quay 
hoac bang tai thieu ket. Phuong phap ve vien hay dupe sir dung cho quang oxyt hon la quang 
sulfit. D6i vdi quang sulfit cua kim loai mau, viec tao vien dupe thuc hien bang qua trinh 
thieu k£l; trong do, viec thieu ket dupe tien hanh tren bang tai; 6 day, cac phan quang dupe 
dinh ket vdi nhau thanh cac tang x6p. Cac tang nay tie'p tuc dupe dap va lam nho tcri do hat 
thich hop. Qua thieu ket, quang dat tcri mdt trang thai lien ket thuan loi nha't cho su nau 
chay. Nh6 vay, quang sulfit rat de chuy^n bie'n thanh sulfat dd tan trong dung dich hoac 
thanh oxyt de hoan nguyen. Cung nhu vay, su clorua hoa oxyt titan thanh tetraclorittitan de 
xir Iy la k£l qua cua qua trinh nung thieu ket. Mot quang sulfit chuycn thanh quang oxyt 
dupe hay khdng phu thude vao ai lire hoa hoc cua kim loai voi luu huynh va oxy. Sat co ai 
lire hoa hoc vdi oxy manh hon vori luu huynh boi vay sulfit sat de bi phan huy nh6 nhiet, nen 
co th£ oxy hoa chung thanh oxyt nh6 nung thieu ket; sulfit d6ng ngupc lai co ai lire hoa hoc 
vdi luu huynh manh hon vdi oxy. 

2.L2. San xuat kirn loai tho 

2.1.2.1. Hod luyen kim 

Viec san xuat kim loai bang phuong phap hoa luyen kim thudng dupe thuc hien theo 
hai qua trinh: Qua trinh nau chay va qua trinh thoi luyen. Mdi qua trinh thudng dupe thuc 
hien trong mOt thie't bi rieng. Khi na'u chay d6ng, thudng da bao gdm hai qua trinh dong thdi 
la nau chay va thoi luyen. Khi thuc hien hai qua trinh nau chay va thdi luyen nay, xay ra 
viec tach cac khoang khdng can thie't va cac tap cha't khdng mong mudn. Ngoai ra, cac 
nguyen t6' chura trong quang dupe hoan nguyen thanh kim loai tho nhd mdt trong hai qua 
trinh do. Cac san pham thira cua phan ling sinh ra - ph£n lorn la cac oxyt hoac sulfit - se hoa 
tan vao xi long, neu no khong tao thanh pha khi de' thoat ra mdi tru6ng ben ngoai dupe. 

Xi bao gom cac ion a trang thai long. Tren co so ty trong nho hon ty trong kim loai 
nen xi tu tach ra khoi kim loai. Thudng vdi moi giai doan nau luyen lai phai tao xi rieng cho 
no. Trong mot vai trudng hop, xi dung de' che phu khi kim loai co hoat tinh vdi mdi trudng 
nau; con hiu het trudng hop, xi hoat tinh dupe tao ra d£ thuc hien mot nhiem vu luyen kim 
nao do. Trong giai doan ch£ tao kim loai thd, xi dupe tao thanh tir cac thanh ph3n chu y£u 
ca'u thanh si lie at cua cha't bin, cac oxyt cua me na'u kim loai va cac chat cho vao lam nhiet 
dd chay giam va tang dd chay loang. Mac dii cdng viec tao xi la phan khdng the bo qua cua 
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qua trinh hoa luyen kim, song ve ccf s6 kinh t£ va ky thuat, luong xi phai giG 6 mdc tha'p 
nh^t cho phep. Muon dat duoc di£u do thi viec xu ly, gia c6ng quang trudc do phai dirqc tie'n 
hanh cin than. 

Tmh chat quan trong cua xi la dd bazo. Dac irung bazo hay axit cua xi khi tien hanh 
nau luyen phai can cur vao loai va luong oxyt chura trong n6. Cac oxyt kim loai nhu CaO 
hoac MgO la cac oxyt mang tmh bazo, con cac oxyt cua cac nguyen t6' phi kim nhu Si0 2 
hoac P 2 0 5 mang tinh cha't axit. Xi trung tmh gom oxyt axit, thi du Si0 2 va oxyt bazo, thi du 
CaO tao ra thu6ng co nhiet 66 nong chay tha'p. Tir do co the tha'y: trong xi bazo co thi chua 
oxyt axil va nguoc lai. Oxyt axit la cha't tang 66 chay loang cho xi bazo va nguoc lai. Trong 
ra't nhieu qua trinh luyen kim, lhach anh (Si0 2 ) va vOi (CaO) la cha't lam chay long cho cac 
ph£n tir tap va cac oxyt trong me nau kim loai. De du doan tmh cha't cua xi, ngtroi ta dua ra 
do bazo R cua xi: 

D £oxytbazd 
2 ^oxyt axit 

N£u R > 1: xi bazo; R < 1: xi axit. 

Oxyt nhu A1 2 C>3 la oxyt luong tmh - co nghla la 6 xi bazo manh, chung mang tinh 
bazo, con trong xi axit manh, chung lai mang tinh axit. 

Qua trinh na'u chay co the duoc tien hanh theo hai phuong thtrc khac nhau. N^u chay 
hoan nguyen (thi du 6 16 cao) hoac na'u chay tinh quang (thi du na'u dong). Khi nau hoan 
nguyen, can dua quang oxyt vao 16, nh6 xi co the loai duoc tap chat, d6ng th6i xay ra qua 
trinh hoan nguyen oxyt kim loai thanh kim loai tho. Phai dieu chinh qua trinh hoan nguyen 
sao cho chi co oxyt kim loai duoc hoan nguyen, con cac tap chat va cac nguyen 1 6 khong 
mong muon se tao thanh oxyt va duoc chtfa trong xi. Chat hoan nguyen co hieu qua x£ mat 
ky thuat va kinh te la cacbon va hydro; doi khi co the dung cac nguyen 1 6 phi kim 6 dang 
lien ke't voi kim loai re nhu Na, Mg trong trudng hop san xuat Ti. 

Dieu co y nghTa quyet dinh trong luyen kim la d6ng hoc qua trinh hoan nguyen cua 
cacbon, co nghla la hoat tinh cua no v6i oxy tang khi tang nhiet d6; trong khi vdi cac 
nguyen to khac, hoat tinh lai giam khi tang nhiet 66. Hinh 2.1 cho thay ro enthalpi tao ra cac 
oxyt cua cac nguyen t6 khac nhau phu thuoc vao nhiet do. 

6 phan tren cua gian d6 bao gom cac nguyen t6' co enthalpi tao ra oxyt cua no tha'p va 
dng vdi cac nguyen to qui; con phia ducfi gian do gom cac nguyen t<5 c6 enthalpi tao ra oxyt 
Idn, tfng vdi cac nguyen ttf tac dung rat manh vdi oxy. Enthalpi cua phan ting kim loai/ oxyt 
kim loai cang 16n thi oxyt kim loai cang ben vung va kha nang hoan nguyen no cang kh6 
khan. Thi du 6 lOOC’C, oxyt sat va oxyt niken bi cacbon hoan nguyen, trai lai cacbon khCng 
the hoan nguyen durcrc oxyt titan va oxyt nh6m. Gian do cung chung minh mot di£u ly thu la: 
a nhiet d6 tha'p hydro la chat hoan nguyen co hieu qua hem ca cacbon. 
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Sten dong la h6n hop cac sulfit kim loai nhir Cu 2 S va FeS va chat thiii. Sir nau chay 
st£n d6ng la buoc hoa luyen kim ddu ticn quang d6ng va niken. Nh6 bucrc nay ma cac tap chat 
bi loai bo va khi nau luyen, cac nguy6n t6 khong mong muon se bi oxy hoa va di vao xi. 

Ph^n Ion cac sten dong dirqc dua vao thoi luyen trong 16 thoi de thu hoi kim loai th6. 
0 day, xay ra qua trinh oxy hoa co chon loc nho viec th6i khong khi' hoac khi chua oxy va 
cac oxyt cua kim loai tap duqc dua vao xi. Cac kim loai th6 nhan duqc cdn tinh luy£n ti£p. 

AG, 



Hinh 2.1. Enthalpi tao thanh phan ling kim loai / oxyt kim loai phu thuoc vao nhiet do. 

2.1.2,2. Thuy luyen 

Theo phuong phap san xuat kim loai biing thuy luyen, cac n guy On 1 6 kim loai duoc 
ki£m hoa tir quang nh6 chat long hoat tinh - thirong la axit sulfuric, doi khi la amoniac. Sir 
kiem hoa quang co th£ duoc thirc hien ca vao liic quang duqc khai thac va xir ly trong b£ 
chiia hoac giu trong thiet bi tich tu quang Ion, ca trong dieu kien thuan tien nhat, tuc la 
quang x6p va nhung khoang xung quanh khong bj tham thau gap true tiep trong mo quang. 
Phuong phap nay xay ra cham chap nhung chi phi lai thap. D6 tang toe do phan ling, can 
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chon mot each t6i ini cac thong s 6 cOng nghe nhir nhiet do, ap sua't, mOi trudng phan ung... 
Phuong phap nay thudng duoc sir dung cho cic quang ngheo hoac khOng thlch hap va chit 
y£u cho cac quang dong, niken va c6ban. 

Dung dich thu dupe sau khi lam sach, ti£p tuc dupe gia c6ng hoa hay dien ly se cho 
cac kim loai hoa tan 6 dang ion. Su k£t tua hoa hoc la ke't qua cua viec nhucfng dien tir cua 
ion kim loai cho kim loai khac boat tinh hon nhung lai re han (thi du Cu ++ + Fe -> Fe ++ + Cu). 
Cung nhu v£y, tir mat dung dich cua Cu va Ni, ion dOng co the bi k£t tua khi co bat niken 
mdi dua vao. 

Su thoat kim loai nhd phuang phap dien ly thudng dat hon phuong phap ke't tua hoa, 
nhung lai cho san pham sach hon va do do, tict kiem dupe gia thanh tinh luy£n ve sau. 

2.1.2.3 . Luyen dien phan 

Cac kim loai kh6ng qui thudng khang bi phan giai trong cha't dien phan chira nude 
(hydro?). Trong cac dieu kien c3n thi£t, cac hop cha't nong chay ciia no phai duoc ph&n tach 
ra bang phuong phap dien phan. Dieu do la ra't kho vi cac hop cha't nay, thi du cac oxyt kim 
loai thudng co nhiet do nong chay rat cao. Cach giai quyet la dua hop chat kim loai nay vao 
trong chat dien ly co nhiet do chay tha'p khang chua nude. Khi san xua't nh6m, chfnh criOlit 
Na^fAlFfi] la dung dich hoa tan cho oxyt nhdm A1 2 0 3 . Hai hop chat nay tao ra diim cung 
tinh 6 10% A1 2 0 3 co nhiet do chay la 962"C, thap hon nhieu nhiet da chay cua criOlit 
(1008°C) va A1 2 0 3 (2050°C). 

2.1.3. San xua't kim loai thong dung 
2.1.3.1. Tinh luyen kim loai tho 

tinh luyen kim loai tho, co the sir dung ba phuang phap khac nhau. Phuong phap 
co y nghTa nha't la phuong phap hoa luyen. Phuang phap tinh luyen dien phan * thudng D 
bude tinh luyen ti£p theo, duoc dung rat nhieu trong qua trinh san xua't ddng sach. Phuong 
phap tinh luyen hoa duoc su dung co gidi han hon. 

Phuong phap hoa luyen co nghTa la kim loai duoc lam sach trong trang thai nong 
chay. Cac nguyen tir cua cac nguyen to tap cha't hoa tan vao kim loai nong chay. Viec tinh 
luyen duoc tien hanh theo nguyen tic lam sao cho kim loai long hoa tan cang ft kim loai tap 
cang tot. Didu do co the thuc hien duoc nhd cac phuong phap thay d6i ap luc (khir khi chan 
khdng, thai khi tro) hoac thay doi nhiet d6 (tie't pha qua bao hoa, luydn vung, Destilliere), 
nhung trude het co thd dua vao me long cac nguyen to co ai luc hoa hoc vdi tap chat cao hon 
kim loai co so vdi tap cha't; tir do tao ra hop chat khang hoa tan dd tach chung khoi kim loai. 
Hop cha't co the d dang khi (nhu khir S va C bang 0 2 ), la pha ran (thi du khir oxy cho thep 
bang AI) hoac tao xi ty trong nhe dd n6i (thi du khir S bang voi). 
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Tinh luyen dien phan thudng xay ra rat cham nen la phuang phap tinh luyen tuang ddi 
dat, nhirng so vdi phuang phap hoa tinh luyen co hai iru di£m: Do sach cao va co th£ thu 
dupe cac kim loai quf chira trong kirn loai co set. Trong qua trinh dien phan, kim loai dupe 
rot thanh cac tarn anot, dudi lac dung cua dien the ben ngoai, anot hoa tan vao dung dich 
dien ly va phong dien, bam va tao nen tCmg lop mong co dd sach ra't cao len catot. Cac kim 
loai khac cung tan trong dung dich chat dien ly va ton tai 6 day. Neu dien the' phong dien 
cua tap chat nay cung g^n vdi dien the' phong dien cua kim loai thi sau dien phan chung 
cung n&m tren catot. Trong trudng hop nay, c^n phai ngan each b£ dien phan gitfa anot va 
catot bang mOt Diaphrama. Nhd vay, chi co chat dien ly chtfa kim loai anot la qua duqc, con 
tap chat bi ach lai va ket tua. Ne'u dien the' phong dien cua tap chat nay khong gan vdi dien 
the phong dien cua kim loai thi chung duqc giu lai trong cha't dien phan va theo thdi gian 
lai phai lam sach cha't dien phan. Cac nguyen to quf do dien the' dien cue cua minh ma 
khdng hoa tan vao dung djeh dien phan va cung duong cue tan lan vao bun. Tir do, co the 
thu hdi duqc. 

Trong phuang phap tinh luyen hoa hoc, co thi cac hop cha't kim loai dang hoi (thi du 
Ni-carbonyl) duqc tao thanh, hoSc kim loai mong mu6'n duqc chiet tach ra khoi kim loai the 
nhd cha't ki£m chon loc. Tir hop chat dang khf hoac dung dich long, ngudi ta thu duqc kim 
loai d dang tuang ddi sach nhd su phan huy nhiet hay su tie't pha. 

2.1.3.2 , Hop kim hod 

Viec san xuat cac hop kim ky thuat thudng duqc lien hanh a trang lhai long vi nhd 
vay, cac nguyen l6 hop kim mdi hoa tan de dang va phan btf nhanh va d6ng deu. Dua tren ca 
so cac tinh chat khac nhau (nhiet do nbng chay, tmh chat kinh ttf, kha nang oxy hoa, tinh 
cong nghe) ma cac nguyen to thudng khdng duqc dua vao d dang kim loai sach ma a dang 
hop kim trung gian (bao g6m nguyen to hqp kim vdi kim loai nen ca sd). Thi du, de hqp kim 
hoa cho gang thep, ngudi ta dung cac loai fero, thi du FeMn, FeSi, FeCr, FeTi... Luqng Fe 
trong cac ferd nhieu C thudng dudi 50%. 

Thai di£m dua cac nguyen td' hqp kim vao gang thep cung rat quan trong. Cac nguyen 
td' co ai luc hoa hoc manh vdi oxy nhu Cr, Ti, A1 duqc dua vao sau khi da khir oxy tot trong 
dieu kien trung tmh hay hoan nguyen d^ it bi chay hao. Tuy nhien, viec dua chung vao phai 
c<5 du thdi gian d£ chung co the hoa tan va phan bd' deu trude khi rot kim loai. Cac nguyen 1 6 
co ai luc hoa hoc vdi oxy yeu nhu Ni, Cu thi duqc dua vao nhd hqp kim dang thoi cung phd'i 
lieu va dieu chinh lai trude khi rot. 

2.1.3.3. Rot vd biert dang kim loai 

Nhiet dd rot kim loai td'i uu dat 50°C tren dudng long. Nhiet do tha'p hoac cao se lam 
thoi due bi ph^ pha’m. Khi due thoi tinh thudng bj rd ngot d phln tren thoi, d vi trf khudn cat 
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vi day la nai thoi due d6ng dac cu<5i cung. Thoi due lien tuc, trai Iai khOng bi ngot nen mang 
tinh kinh te, ky thuat sau sac. VI vay, phuang phap due lien tuc dirac sir dung rat r6ng rai. 
Phircmg phap due tinh trong tirang lai chi duac due cac loai thep *!ac biet, s 6 luang ft. 

0 phuang phap due lien tuc, kim loai long ducc d6ng dac lien tuc trong khudn kim 
loai bang d6ng, duac lam nguoi bang nude, chi m6t lop mong sat khu6n day 10 4 - 15 mm. 
Tam cua thoi due con long se duac dong dac hoan loan khi thoi duac k£o vdi t6c d6 hap ty. 
Phuang phap due lien tuc cho phep tan thu duac kim loai, chat luang thoi due ttft, d6ng nha't, 
1 6 chuc kim loai min. 

Co hai phuang thtfc rot kim loai long: rot thoi va rot lien tuc, hinh 2.2. 

R6 ngot 

Khuon cat 
Thoi due 
Khuon kim loai 


Hinh 2.2. Due ph6i: a. due thoi tinh; b. due thoi lien tuc. 

Cac thoi due nhan duac bang phuang phap due tinh va due lien tuc tiep tuc duac gia 
edng bien dang bang phuang phap can nong (bien dang Ian m6t). Sau do, chung duac can 
tinh dinh hinh dang ban thanh ph&n. Trong qua trinh can, kim loai bi bi£n dang, ke't tinh Iai 
lam cho hat tinh lh£ nho min, cac dang r6 duac han dmh lai, tinh cha't ca hoc cua san phim 
duac nang cao. Tuy nhien, ngudi ta chi can va bien dang cac vat lieu deo. Vat lieu due se 
duac rot khu6n de tao ph6i cho cac nganh cbng nghiep khac nhau. 

2.2. SAN XU AT GANG LO CAO 

Cong nghe luyen gang 16 cao la m6t c6ng nghe ca ban d£ san xu&t gang thep. Chung 
ngay cang duac hoan thien va dat duac tinh 6n djnh rat cao. Hi5n tai, 16 cao van la thift bi 
cung cap gang (dang thoi hay long) cho cac cong nghe luyen thep va la phoi lieu chu y£u de 
san xu£t cac mac gang due khac nhau. Ngoai ra, con cac phuang phap san xuat th6p tir 
quang sat nhu phuang phap hoan nguyen long va hoan nguyen true tiep. Hinh 2.3 cho thay 
nguyen ly chung cac cong doan san xua't gang va thep. 
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Quang 

(oxyt sat, 60% Fe) 


Th6p vun 
(~98% Fe) 



Hinh 2.3. Cac cong doan san xu&'t gang va thep. 

2.2.1. Day chuyen cong nghe Luyen - Due - Can 

Day chuyen cong ngh£ luy£n gang 16 cao, san xu£t thep (bang phuong phap 16 th6i 
dinh oxy va 16 di£n h6 quang) va can duoc tha hien tren hinh 2.4. Day chuyln n^y c6 thi 
tom tat lai theo so d6 sau: 
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Ilinh 2.4. M6 hinh khtfi day chuyen Luyen - Due - Can. 



Hinh 2.5. Day chuy6n Luyen - Due - Can. 
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2.2.1.2. Luyen gang Id cao (hinh 2.6) 



Hinh 2.6. So do luyen gang 16 cao. 


a. Nguyen vat lieu 

1. Qudng s$t v£ xCrly qu$ng 
+) Quang sat: 

Sat chid'm ty l£ lcfn thCr hai (4,2%) sau nhom a trong vo trai dat. Sat thudng t6n tai d 












dang hap chat hoa hoc nhir Fe 2 0 3 , Fe 3 0 4 , FeC0 3 . L5n vao quang sat con co cac chat ban 
nhu cat, da't set... 

Luang Fe trong cac oxyt sat Fe(Fe 2 0 3 ) va Fe(Fe 3 0 4 ) cd the tfnh dupe nhir sau: 

Fe(Fe 2 0 3 ) =—^— = 70% 

• 2.56 + 3,16 

Fe(Fe^0 3 ) =-^— = 72 , 4 % 

“ 3 3,56 + 4,16 

Do co cac chat ban, lupng Fe trong cac loai quang khac nhau thi khac nhau va chung 
dupe danh gia la “giau” hoac “ngheo”. Quang sat co cac loai sau: 

Quang manhetit (quang silt tir): co oxyt sit chu yeu a dang Fe 3 0 4 , lupng Fe chiem tCr 
45 den 70%. Chung dupe coi la quang giau khi dat tren 60%Fe. Manhetit a dang chic dac 
nen kho hoan nguy£n. 

Quang he mat it (quing sit do): chixa chu yeu Fe 2 0 3 , chiem tir 40 den 60%Fe. Chung 
duac coi la quang giau khi dat tren 50%Fc. Quang nay dd hoan nguyen han quang manhetit. 

Quang li/nonit (quang sit nau): sit nim d dang Fe 2 0 3 .nH 2 0, hay gap loai 
Fe 2 0 3 .3H 2 0. Luang Fe chiem tir 30 den 45%. Chung duac coi la quang giau khi dat tr6n 
45%Fe. Loai quang nay ngheo Fe nhung dd hoan nguyen do do xop cao (khi nung se thoat 
nude d6 lai nhieu 16 xop). 

Quang cacbonat sat (FeC0 3 ): Luqng Fe chiem tir 25 den 40%. Chung dupe coi la 
quang giau khi dat tren 38%Fe. Khi nung nong se xay ra phan ung: 

2FcCO, + io 2 = Fe,0, + 2CO, 

+) Day chuyen xu ly quang: 

Day chuyen xu ly quang bao g6m: lam giau quang, tao vien va thieu ket 

Lam giau quang: gom cac bude rira bang nude (3m 3 nude cho 1 tan quang) dAp nho, 
phan loai tir (nfi'u la quang FeC0 3 thi phai nung). 

Tqo vien va thieu ket: Vdi quang kich thude dudi 5 mm dupe ep thanh vien roi dem 
thieu ket d 900 + 1300 n C. Vdi quang bui, kich thude dudi 0,2 mm dupe tron vdi nude va v6 
vien rdi dem thieu ket. Nhd dal set co trong quang ma cac vien dupe li6n ket vdi nhau. 

2. Nhien lieu 

Dung trong 16 cao chu yeu la than coc md. Coe 16 cao phai dam bao hai chut nang: 
cung cap nhict khi chay va cung cap C, CO cho qua trinh hoan nguyen quang sat. Yeu cau 
vdi than la phai co do ben nhict tot, do xop cao va kha nang phan ung (chay ra CO) ldn. 
Ngoai than c6c neu thieu than, co th6 pha them than gay, than gd. D6 tang cudng sir chay co 
th t phun them nhien lieu phu nhu: nhidn lieu khf (khi tu nhien, khi 16 ede hoa), nhi£n lieu 
rdn (bot than) hoac nhien lieu long (diiu mazut, dau nang...). 
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3. Chat phu gia (chat tao xl) 

Do trong quang, than, ttrdng 16... co chira cac chat ban, trong qua trinh nau iuyen se 
dua cac loai tap chat vao trong 16, gay kho khan cho qua trinh Iuyen va lam gang bi ban. Vi 
v&y, cdn dua them cac chat phu gia vao 16 de phoi hop v6i cac tap chat da neu di tao xi, tach 
chung ra khoi gang va loai chung ra khoi 16. Co hai loai chat phu gia: 

- Chat phu gia bazo: duqc dung cho chat ban mang tinh axit. Chung g6m cac loai: V6i 
(CaO), dolomit (CaC0 3 + MgC0 3 ) va huynh thach CaP 2 . 

- Chat phu gia axit: duqc dung cho chat ban mang tmh bazo. Chung gom cat thach anh 
(Si0 2 ), thach dat set (A1 2 0^ + Si0 2 ) va quang axit silisic (H 2 SiOq. 

b. Qua trinh luypn gang trong Id cao 

1. Cac dong nguyen vat lieu 

Duqc chuyen dong nguqc chi6u nhau {hinh 2.7) 

Quang sat, trq dung va nhien lien (than coc) di tir tren dinh 16 di xuong phia duoi, khi' 
16 do than chay tao thanh di t lt phi a du6i len phia tren. Tai vung nong chay va phan ung, 
quang sdt se bi nau chay va bi khu oxy de tao thanh Fc nguyen chat. Qua trinh van chuyen 
xuong phfa duoi, Fe sc hoa tan them mot so nguyen to di hinh thanh nen gang. 

Nguyen vat lieu rdn chuyen dong tir tren xuong du6i, khi 16 chuyen dong tir dudi len 
tren. Sir tiep xuc giua hai dong vat lieu se xiiy ra qua trinh trao d6i nhiet va qua trinh hoa ty 
6 trong 16. 



Hinh 2.7 . So do chuyen d6ng cua nguy£n vat lieu va khi trong 16 cao. 
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2. S(J chay ctia than 

Gio nong 1000 -s- 1200°C dupe thoi vao 16 se dd't chay than va toa ra mpt lupng nhiet 
rSTt Idn. Do do, nhiet dp khf 16 len tdi 1900 + 2200°C. San pham cua sir chay la CO, H 2 , N 2 . 

Gio vao 16 vcri ap sua't rat Ion (co dong nang 1dm) tao ra mot vung xoay lam cho than coc 
chay t6't. Cac vung nay dupe n6'i voi nhau tao thanh vanh dai oxy hoa quanh vung mat gio. 

Khf 16 chuy^n dong tir du6i l£n tr6n va trao nhiet cho dong nguyen vat lieu dang 
chuyen dong ngupc chidu. T6i mieng 16, nhiet dp chi con 200 300 n . Co ba vung trao d6i 

nhiet, hlnh 2.8. 

Vung trao ddi nhiet tren la vung truy4n nhiet don gian giura khi 16 va lieu. Vung nay ft 
co sir trao d6i chat. 

Vung dinh tre trao d6i nhiet: C) d&y, nhiet do khf 16 hau nhu khong thay doi. 

Vung trao doi nhiet duch: Do nhiet dp khi 16 cao nen co sir trao d6i nhiet va chat r£t 

manh. 

Hipu suft't su dung nhiet trong 16 cao dat tai 80%. 



Hinh 2.8. Sir trao d6i nhiet va trao dPi hoa trong 16 cao: 

(I): hoan nguyen gian tiep; (II): hoan nguyen true tie'p; 

(1): vimg trao dPi hoa tren; (2): vung ngirng trao doi hoa; (3): vung trao doi hoa duoi. 
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Trong qua trinh 16 cao, sir can bang giffa C, CO va C0 2 theo nhi6t d6 tuan theo sir can 
bang Boudouard (hinh 2.9). 

O gian d6 nay, cac oxyt Fe 2 0 3 va Fe 3 0 4 duoc viet g6p lai thanh Fe 3 0 4 . Day la gian d6 
can bang cua C0/C0 2 va Fe 2 0 3 / FeO/Fe theo nhi£t d6. Thanh phiin khf 16 cao, dac bidt 
trong vung nhiet do lam vi6c chu y&u la CO. Khi nhiet dd khf 16 > 1100 + 1200°C, ta co 
100% CO. 


CO, % c ,„ C0 2 , % 



Ilinh 2.9. Gian do Baur - Glaessner. 


Cac qua trinh hoa ly 

Theo gian d6 Baur - Glaessner, tuy theo nhiet d6, co cac he thdng can bang sau: 

6 nhiet do < 570°C, ta co he thong can bang: Fe - Fe 3 0 4 - Fe 2 0 3 
6 nhiSt do > 570°C, ta co he thdng can bang: Fe - FeO - Fe 3 0 4 - Fe 2 0 3 
6 cac trang thai a, b, c, d, khf va oxyt Fe se phai chuyen djch theo huong dat trang 
thai can bang (dS dat trang thai a\ b”, c”\ d”). 

*) Qua trinh hoa ly trong 16 cao 

Trong 16 cao, quang sat duoc hoan nguyfin theo huong: 

Fe 2 0 3 —► Fe 3 0 4 —► FeO —► Fe va bao g6m hai qua trinh: 

- Hoan nguy£n gian ti6p xay ra 6 nhiet d6 tha'p (< 1000°C). Dac trung cua phan ung 
hoan nguyen oxyt Fe bang khf CO: 

3Fe 2 0 3 + CO —► 2Fe 3 0 4 + C0 2 + Q, 

Fe 3 0 4 + CO —► 3Fe0 + C0 2 + Q 2 
FeO + CO —► Fe + C0 2 + Q 3 
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- Hoan nguyen true ti£p bAng C xay ra a nhiet do > 1000 (, C. 

FeO + C —► Fe + CO - Q 4 

Ngoai viec hoan nguyen oxyt sat, cac oxyt khac cung dugc hoan nguyen true tie'p 
bang C. Cac phan ling nay dugc md ta nhu sau: 

MnO + C —*■ Mn + CO 
Si0 2 + 2C ^ Si + 2CO 

Hai phan ting nay xay ra a nhiet do cao va khOng hoan toan. 

P 2 0 5 + 5C = 2P + 5CO 
Phan img nay xay ra hoan toan. 

Ngoai ra, S dugc tham vao gang tir than c6c. Lugng S th£m vao con phu thuoc vao do 
baza cua xi. D6 baza (R) dugc tinh bAng cong thuc: 

R = (CaO_fMgO) 

Si0 3 

N£u xi co U'nh bazo, S trong gang se dugc khu theo phan ung sau: 

FeS + CaO —► CaS + Fe + S 
*) Su do cong nghe san xuat gang 16 cao (hinh 2.10) 


I 



Vat pham 


Hinh 2.10. So d6 cOng ngh£ qua trinh luyen gang 16 cao. 
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Gang 16 cao c 6 sau mac: Lien X 6 cu co AK () tcri AK 5 con Viet Nam la GD () tori GD 5 . 

Luang xi dung trong 16 cao chiem tcri 0,4 + 0,8 ta'n /1 tan gang. Khi thao xi. chung 
dugc phun nucrc lam ngu 6 i nhanh thanh cac hat min, sau do dugc sir dung vao muc di'ch 
rieng. Xi axit duac che tao thanh vat lieu lat du 6 ng di, con xi baza duac dung di san xuat 
vua h 6 , ximang trong xay dung. Khi thai cua 16 cao chua thanh phdn/%/: 8 - 10% C0 2 , 
25 -5- 30% CO, 1 4% H 2 , 55 -5- 60% N 2 . Bui 16 cao chiem tdi 10 30 g/m^ khi. Vdi 16 cao 

trung binh, lugng bui tao ra trong mdt ngay tdi 30 4 - 90 tan. C3n phai xir ly khi thai loc bui 
d^ gjQr moi tru 6 ng trong sach. 

2.3. LUY$N THEP 

Thep la hap kim Iren ca sa sat co chura < 2% C, ngoai ra con chtfa lugng nho cac 
nguyen to' nhu Si, Mn, P, va S. Nhu vay, so vdi gang, thep chura cac nguyen td Si, Mn, P, va 
S thap ban nhi£u. Vi the, thep co do ben, tinh deo dai, kha nang bie'n dang i 6 t nhung lai co 
nhiet do chay cao han. 

Thanh phan (%) cua gang 16 cao V& thep thubng dao d 6 ng nhu sau: 



C 

Si 


P 

S 

Fe 

Gang 

Thep 

3,0 - 4,2 

0,05 + 1,5 

0,3 - 2,5 

0-0,5 

0,5 - 1,5 
0,3 ▼ 1,5 

0,1 - 2,2 
<0,05 


Con lai 

Con lai 


2.3.1. Qua trinh lioa ly trong luyen thep 

Trong qua trinh che tao thep, trong phoi lieu thu 6 ng co gang 16 cao (70 -5- 100% gang 
long 16 cao trong qua trinh luydn thep 16 thoi LD, tcri 30 - 40% gang long trong qua trinh 
luyen thep 16 dien ho quang... trir tru 6 ng hop n&'u lai cac mac thep tir cac ph 6 i lieu thep 
cung loai). Do do, co the noi: qua trinh luyen thep la qua trinh chuyen bien hgp kim tren ca 
so sat co chua cac nguyen 1 6 C, Si, Mn, P va S tir gidi han cao tai gidi han tha'p. Muon thuc 
hien qua trinh nay, phai dot chay cac nguyen t 6 da neu nh 6 cac phan ting oxy hoi Ngu 6 n 
cung cap oxy chu yeu cho 16 Mac-tin la khi 16, cho 16 LD la oxy, cho 16 dien h 6 quang la 
quang sat. San pham trung gian ciia cac chS't oxy hoa la FeO. Qua trinh oxy hoa c£c nguyen 
to da neu dugc dien ta bang cac phuong trinh sau: 

Si + 2 FeO = 2Fe + Si0 2 + 

Mn + FeO = Fe + MnO + Q 2 

Cac oxyt Si0 2 va MnO tao ra se lien ket vdi nhau trong xi. 

C + FeO = Fe + CO - Q,t 
Khi CO se thoat ra ngoai khi quy£n. 

2P + 5 FeO + 4CaO = 5Fe + 4Ca0.P 2 0 5 + Q 4 
Lugng 4CaO.P 2 O s tao ra dugc giu trong xi. 
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QuS trinh khu P theo phuang trinh da n£u dugc thtrc hien trong xi vdi d'\6u kien la: 

- Luang FeO trong xi nhi£u. 

- DO baza R cua xi cao. 

- Nhiel do cua xi tha'p. 

S trong gang, th£p thuOng t6n tai a dang FeS. Trong cac 16 luyen thep baza, chiing 
thudng duoc khu bang xi nhd phan ung: 

FeS + CaO = CaS + FeO - Q 

Nhu vay dieu kien de khu S la: 

- Luang FeO trong xi tha'p 

- Do baza trong xi cao, 

- Nhiet do cua xi cao. 

Luang CaS tao ra se dugc giu lai trong xi. 

Trong qua trinh luyen thep, can thiet phai cung cap oxy de oxy hoa cac tap cha't, sau 
qua trinh nay, oxy v£n ton tai trong thep dudi dang FeO. CuO'i qua trinh luyen cin thiet phai 
khu chung bang phuang phap khu oxy true tiep (true tiep dua chat khu co ai luc hoa hoc vdi 
oxy manh han sat vdi oxy nhu FeSi, FeMn, CaSi...) hoac khu gian tie'p tren xi nhd xi trdng 
hoac xi da't den (se dugc noi ky han trong phan luyen thep trong 16 dien hd quang). 

2.3.2. Cac phuang phap luyen thep 

San luong thep/dau ngudi cua mOi nude dugc dung lam mot chi tiau de danh gia trinh 
do phat trien cong nghiep. Chi tieu nay d cac nude cong nghiep phat trien la 600 4- 1000 
kg/ddu nguai, d cac nude dang phat trien la 200 -4 300 kg/dau ngudi. I-Iinh 2.11 chi ro su 
phat iriin cac phuang phap luyen thep d CHLB Dire theo tirng nam. 

Phuang phap Bessmcr ra ddj d Anh nam 1856. Bang each thOi khOng khi vao gang 
long trong 16 thdi, oxy trong khong khi se dd't chay cac nguyen ttf nhu Si, Mn, C ma co the 
bien gang thanh thep. Tudng 16 axit nfin nude gang phai chtfa luong P va S tha'p nen ham 
lugng Si phai dat gidi han 0,7 -4 1,25%. Nhd nhiet vat ly (nhiet cua gang long) va nhiel hoa 
hoc (nhd phan ung oxy hoa Si) ma nhiet do nude thep dugc tang cao. 

Phuang phap Thomas ra ddi nam 1878. Chat oxy hoa van dung la oxy trong khdng 
khi. Do tudng 16 co tmh baza, nfin da dua vao phan ling oxy hoa phdtpho (P = 1,6-4 2,0%) 
lam ngudn nhiet hoa de tang nhiet d6 gang long. 

Ca hai phuang phap tren, tuy thdi gian thoi ng&n (12-4 18 phut) nhung do thoi khong 
khi vao gang, thep long nen chtfa nhieu nita, de nhay cam vdi hoa gia. Vi v&y, d CHLB Dure, 
phuang phap Thomas chi dugc dung tdi nam 1976. 

Lo Siemens-Matin ra ddi nam 1864. Phoi lieu dugc dung la gang va thep vun rln. Khi 
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d6't va khong khi duoc phun va dot chay a phi'a dau 16 de cung cap khl co tfnh oxy hoa va 
cap nhifct cho qua trinh na'u luyan. Nhiet do cua 16 dat toi 1700 -s- 1750°C. Chat oxy hoa diroc 
van chuyen tir khi 16 qua xi va vao kim loai. VI v&y, thcri gian nau dai va thep chtfa ft nito va 
tap chat. Co the tang cucmg qua trinh luy£n bang each thoi them oxy vao 16 hoac dung th6m 
quang sdt de tang cirdng qua trinh oxy hoa. Lo Siemens-Matin duqc CHLB Due dung tori 
nam 1982 thi ket thuc. 

Hien tai, hai phuong phap luyen thep duoc su dung ph6 bien la phuong phap LD va 
phuong phap 16 dien. 

San luong, trieu tan 



Hinh 2.11. Su phat trien cac c6ng ngh£ luyen thep tai CHLB Dire. 

2.3.3. Luyen thep trong 16 (hoi dinh bang oxy (LD) 

Phuong phap nay duoc bat dau tir nhung nam 50 cua the' ky 20. Hang VOEST a Linz 
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va hang LPINE 0 Donawitz (Ao) da di xuat phuong phap nay nfin phuong phap duqc vie't tat 
la LD. 

So d6 nguyen ly cua 16 LD va su thay d6i thanh pMn cua gang thep trong qua trinh 
luyen duqc the hien tren hinh 2.12. Nguyen vat lieu dd luyen la gang long luyen thep co 
thanh phan: 4,0 - 4,3% C, 0,5 -f- 0,9% Si, 0,8 * 0,16% Mn, * 0,5% P, 0,04 + 0,08% S. Ngoai 
ra, co the sir dung tori 30% thep vun lam vat lieu ph6i lieu. 

Oxy sach ky thuat (98,5 -s* 99,5% 0 2 ) qua 6ng dan va voi phun, duqc thdi len be mat 
thep. Ap sua't khi trong 6'ng dat 7^8 atm. Luang oxy tieu hao la 50 -s- 55 m’Vttfn thep x phut. 
Dong oxy co ap sua't va van t6'c xac dinh khi thdi vao thep se tao ra viing phan ling thur nha't 
co nhiet d6 cao tori 2300 + 2500°C. Do nhiet dd cao va luqng oxy du 16n nen lam cho n6i 16 
bi khua'y trOn manh liet. Vi vay, cac nguyen t6 trong gang bi oxy hoa voi van toe rat lorn va 
thdi gian na'u luyen ngSn, hinh 2.12. 



Hinh 2.12 . a- Luyen thep trong 16 thdi LD; b- su thay d6i thanh phan cua thep. 

LTu die’m cua 16 thdi dinh bang oxy: 

- Nang sua't cao; 

- Vd'n d5u tu xay dung ca ban tha'p; 

- Tieu hao vat lieu chiu lua It; 

- Phi tdn na'u luyen kh6ng nhieu; 

- Thanh phan lap chat va khi co hai tha'p. 

Phuong phap LD duqc su dung chu ye'u di san xutft thep cacbon va thep hop kim tha'p 
va dac biet duqc dung r6ng rai de san xua't thep xAy dung nh6 phuong phap due lien tuc va can. 
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2.3.4. Luyen thep trong 16 dien ho quang 

Lo dien h6 quang la thi£t bi dugc su dung r6ng rai trong cac nha may luyen kirn va 
due. So d6 ca'u tao va lam viec cua 16 dien h6 quang dugc the hien trong hinh 2.13. 

Co hai loai 16 dien h6 quang: true ti£p va gian tiep. Thie't bi 16 dien h6 quang true ti£p 
dugc sir dung chu y£u cho qua trinh luyen thep. 

Trong 16 dien h6 quang true tie'p, h6 quang dien se true tiefp ph£t ra gitfa dien cue (cue 
am) va kim loai hoac xi (cue duong). H6 quang dien se phat ra nang Iugng (Q) va nhiet do 
rat 16n (> 2000 f> C). 

Q = 0,24I 2 Rt (caio) 

Hay: Q = 0,24UIx (calo) 

Trong do: Q - nhiet nang do h6 quang dien sinh ra, calo; I - cudng d6 dong dien. A; 
R - dien trd d6ng dien; x - thoi gian, giay; U - hieu dien the', V. 

Dien nang tieu hao cho 1 tab thep cacbon la 800 kWh, cho 1 tan thep hgp kim la 
1000 kWh. 

Co hai loai 16 dien h6 quang: 16 dien ho quang baza va 16 dien ho quang axit. Do h6 
quang dien phat sinh ra giura dien cue va xi axit cho nhiet nang ldn, nhiet do thep long cao 
nen chung dugc sir dung cho cac phan xueng due cac chi tiet thanh mong nhu trong c6ng 
nghiep dong tau. Tuy nhien, kha nang tinh luyen cua 16 nay kem (do khdng khir dugc P va S) 
nen 16 dien h6 quang baza dugc sir dung r6ng rai han. 

Qua trinh nau thep trong 16 dien ho quang baza thudng gom cac giai doan: va 16, chat 
lieu (ca khi hoa nha thung chat lieu nhu hinh 2.14), nong chay, oxy hoa, hoctn nguyen va ra 
thep. Tuy nhien, trong di6u kien nau lai cac mac thep tir pho'i lieu cimg loai, co the’ sir dung 
phuang phap n£u luyen khong can giai doan oxy hoa. 

Nhiem vu cua mot s 6 giai doan nau luyen nhu sau: 

- Giai doan nau duly 

♦ Nau chay me lieu. 

♦ Tao xi che phii cac khu vuc da nong chay. 

♦ Khir P tir gioi han 0,040 * 0,045% xuC'ng 0,018 + 0,020%. 

- Giai doan oxy hod 

Cho quang sdt lirng me (co lh£ ket hgp voi vice th6i oxy) de oxy hoa cac tap cha't 
(theo cac phan ung da dien ta a trong muc 2.1). Khi do, Si bi chay hoan loan, Mn giam tcri 
gidi han 0,2 -*■ 0,25%, C bi d6t chay t6i gia tri tha'p han giai han cua mac thep (phan con 
ihieii se dugc b6 sung vao giai doan hoan nguyen do viec khir oxy va hgp kim hoa bang cac 
cha't chira C mang vao), P tiep tuc dugc khir chu ye'u a dlu giai doan, khir mdt ph£n S vao 
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cutfi giai doan oxy hoa, khu khf nh6 c£c phan ting s6i do san pham cua qua trinh chay 
cacbon (tao ra C0 2 ) va tang nhiet d6 thep I6n cao han nhiet dd ra thep. 

- Giai doan hoan nguyen 

♦ Khu oxy: sau giai doan oxy hod, trong th£p long con chira m6t luong oxy (6 dang 
FeO) dang k6. VI vay, c£n thieft phai ti€Tn hanh khu oxy. 



Hinh 2.13. So d6 ca'u tao va nguydn ly ly lam viec cua 16 dien h6 quang. 

Co hai phuong phap khu oxy: 

Khvtoxy true tiep: True tiep dua chat khu oxy(Me) vao khtfi thep long. Viec khu duqc 
thuc hi£n theo phan ung: 

FeO + Me —>• MeO + Fe 
Y6u ciu cua chat khu oxy la: 

Co ai luc hoa hoc d<5i veri oxy manh hon Fe vdi oxy. 

Co kha nang hoa tan ttft vao thep long di qua trinh khu oxy xay ra trong toan khdi 

thep. 

Kh6ng de lai tap chat co hai do chat khu gay ra va san ph^m khu oxy phai di dang 
loai ra khoi thep. 
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Theo phircfng ph£p n&y, ngudi ta hay dung FeMn, FeSi dl khu so bd va khir cud'i cung 
bang Al. Phircfng phap nay xay ra nhanh nhung de de lai tap ch£t trong thep do san phlm 
khir gay ra. 

Khti oxy gian tiep: la viec khu oxy trong thep qua qu4 trinh khir tren xi. Theo dinh luat 

phan b6: b nhiet dd xac djnh va kh6ng ddi, ty s 6 gitfa cac ham lupng oxyt trong xi (FeO) va 

trong kim loai [FeO] la hang s6' dupe goi la hang s 6 phan bo L Fe0 . 

r (FeO) 

L Fe0 =-= const 

[FeO] 

N£u giam (FeO), dl dam bao quan he da n£u thl se xay ra qua trinh khulch tan: 

(FeO) -► [FeO] 

va do do lupng [FeO] se gidn tiep giam di. 

Di thuc hien di£u do, ngudi ta dua vao hi mat Idp xi moi, loang m6t lupng nho C va 
Si (dang FeSi) de hoan nguyen (FeO). Vi m6i truong khi 16 6 16 dien ho quang co tfnh hoan 
nguyen, qua trinh xay ra ihuan lpi nan thudng dupe su dung (g6m xi trdng va dat den). 

Phuong phap nay thu6ng k£o dai thoi gian nhung khong dl lai tap chat trong thep. 

♦ Khu liru huynh: dupe thuc hien chu yeu o giai doan nay. 

♦ Dilu chinh thanh phln va nhiet dd. Sau do ra thep. 

2.3.5. Phuong phap luyen thep trong 16 dien cam urng 

C6 hai loai 16 cam ung: 16 dien cam ung co loi va khdng Ioi. Lo cam ung khong loi 
thuong dupe dung de na'u gang, thep (hinh 2.J4). 

Lo dien cam img khdng loi giong nhu m6t bie'n the khdng khi (hinh 2.14b). Cudn so 
cSp ia m6t cudn day cam ung (co nude lam nguoi), con cudn thtr cap la lop hi mat tru ngoai 
cua me lieu kim loai tiep xtic vpi tuefng 16. 

Khi co d6ng dien xoay chilu di qua cupn cam ihi a ldp be mat tru ngoai cua khdi lieu 
trong n6i 16 se sinh ra tir trudng bien thien va d dly se sinh ra mdt stic dien ddng E: 

E = 4,44Ofnl0‘ H ; V 

Trong do: E - sue dien ddng cam ung; O - tir thdng co ich; f - Un s6 dao ddng cua tir 
tru6ng(t^n s 6 dong dien); n - s6 vong cam ting. 

Mudn tang gia tri E, cln thi€t phai tang tin sd' f cua d6ng dien. Quan he gitfa gia trj 
t6'i thilu cua t^n s 6 dong dien vdi kich thude va tfnh cha't me lieu dupe thl hien trong cong 
thtfc: 

f > 2 5 10 9 — 

1 min — iu ^ 

Trong do: p - dien trd suat cua me lieu /Hem/; d = d 2 - duang kfnh trung binh cua me lieu. 
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a) 


b) 



Ilinh 2.14. So d6 ca'u tao va nguyen ly lam viec cua 16 cam ting: 
a- Ca'u tao 16 dien cam ting; b- Sir chuy£n d6ng cua dong kim loai trong 16; 
c- Ca'u tao 16 dien cam ting dung tfch 8 ta'n; 

1- vong cam ting; 2- n6i 16; 3- khung; 4- true quay; 5- kim loai na'u; 

6- co ca'u nghieng 16; 7- g£u rot; 8- nap 16. 


Nhir vay, du6ng kinh trung binh cua me lieu (cung co nghia la duong kfnh trong cua 
16) cang 16n thi t^n s6' t6'i thieu cua dong dien cang nho. Tren co so do, 16 dien cam ting 
kh6ng loi sat duqc phan lam ba loai: 

• Ld dien cam ting cao tan co f = (100 -s- 1000). 10 3 Hz, duqc dung cho cac 16 nho. 

• Ld dien cam ting trung tan co f = 500 + 1000 Hz, duqc dung cho cac 16 trung binh. 

• Ld dien cam ting tan so cong nghiep co f = 50 60 Hz, duqc dung cho cac 16 kfch 

thude 16n. 
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Dac di£m v4 c6ng nghe ndu luyen trong 16 cam ling khdng loi Id: 

- Su chay hao cua cac nguyen 1 6 trong thep la rdt 6n dinh va thap nen de dang khPng 
ch^ thanh phdn va nhiet dp cua thep. Mat khac, vi kh6ng dung dien cue graphit nhu 16 dien 
h6 quang n&n c6 the ndu cac mdc thep cacbon thap. 

- Do luc dien tir n£n su khudy trpn kim loai rdt manh (hinh 14b), do do thanh phan va 
tmh chat cua thep trd nSn rat dPng deu. 

- Nhiet dp cua xi k6m, kha ndng tinh luyen thdp. 

- Nang sudt 16 cao do he s6' c6ng sudt thap, he sd tdn hao tir thOng Ion. 

Do dac diem tr6n, 16 dien cam ung kh6ng loi sat chu y£u dupe su dung de’: 

- Ndu lai cac mac thep lit phoi lieu cho trade. 

- Hop kim hoa thep. 

- San xudt cac mac thep chat lupng cao, s6 lupng khdng nhidu. 

2.3.6. Cac phuung phap tinh luyen thep ngoai 16 

Cdc phuong phap nay bao g6m phuong phap luyen kim trong gau rot d6 dieu chinh 
chdt lupng thep mpt each chat che, cung nhu phuong phap luyen lai cho cac thoi thep Idn 
(thoi thep ren ldn) d£ ndng cao dp sach va d6ng deu chdt lupng trong thoi. 

Thu nhat la dat dupe vat pham sau can theo tdt ca cac hudng (ca theo hudng tiet dien 
ngang, ca theo hudng doc binh thudng) deu co do deo dai cao. Dieu do doi hoi ham lupng S 
thap va cac vat Idn sulfit t6n tai d dang vd hai. Mat khac, phai dam bao dong thdi vide tie'n 
hdnh due lien tuc mpt each 6m cung nhu me ndu dat nhiet do chinh xac, ddng deu va rat 
sach so vdi due thoi binh thudng. Vi vdy, phuong phap luyen kim trong gau co muc dich tiep 
tuc tinh luyen (khu oxy, khir luu huynh, khu khf va lam ddng deu hoa ly hoa cho me ndu). 
Hinh 2.15 gidi thieu nguyen ly mpt each luyen kim trong gdu. 

Viec phat tri£n luyen kim trong gau de giai quydt chdt lupng theo hai hudng: 

Cac chdt khu oxy la nhtfng chdt co ai luc hod hoc vdi oxy manh hon sat vdi oxy, de 
dang hoa tan va tao ra oxyt khdng hoa tan vao trong thep long. Cdc nguyen td dupe su dung 
chu ydu la Si, Al, ngoai ra la Mn; phdn Idn dupe su dung phoi hop, thi du Si/Al, Mn/Al hodc 
Mn/Si. Chat khu oxy dupe dua vao trong gau hoac true tiep vao dong kim loai chay vao gau 
rot; nhd vdy ma chung dupe chay nhanh va phan bo dong deu trong kim loai. San phdm khu 
oxy la cac oxyt se dupe tich tu lai va ndi ldn xi. Vdi sir khu oxy nhu vdy, me thep se yen tmh 
(thep ldng) va khdng bi “sdi” trong khuon. 

Trong phuong phap khu khi tirng phdn, binh chan kh6ng nhd 6ng ddn dupe nhung vao 
thep trong gdu se hut mpt phan me thep long va khu khi cho no. Khi nhde binh len, thep 
long se chay trd lai gdu rdt. Tiep tuc lap lai dpng tac da neu, khi trong thep se dupe khu tdt. 
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Di6n cue tang nhiet 



Iiinh 2.15. Luy£n kim trong g3u. 

Di khu S cho thep, c 6 the th6i hap chat chtia Ca dang b6t hoac dung xi co do baza 
cao. Co th6 dua mdt s 6 kim loai d£ lien ke't vdi S thanh cac tap chat kh6ng co hai (Mn) hoac 
cac sulfit cirng va dang vun (Ti, Zr, Ce...). Hieu qua khu S thuang gan li£n v6i su khu oxy, 
n£n cac chat khu oxy d6ng thai gay tac dung khu S t6t. 

Ky thuat chan khong hoa me na'u co tac dung khu khi hydro, nita va oxy vdi sir tao ra 
khi' CO, n£n d6ng thdi la bi£n phap khu C. Cac thid't bj chan kh6ng hoa duac giefi thifcu tr£n 
hlnh 2.16. 



a) b) c) 

Hinh 2.16. Khu khi cho thep long nhcf chan kh6ng: 
a- Khu khi cho dong thep khi rot; b- Khu khi trong g^u rot; c- Khu khi tirng phdn. 
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Phirong phap khu khf cho dong thep dang rot vao gau la phirong phap rd't co hieu qua, 
nhung ft dupe sir dung. Nguqc lai, phirong phap khu khf tirng phdn de dang sir dung trong 
day chuyen lien tuc 6 trong xuong. Phuong phap khu khf bang chan kh6ng co dac diem t6t 
la khdng dua cac san pham oxy hoa vao thep. Cung nh6 phuong phap nay, ma cac nguyen td' 
de chay hao nhu Ti khi dua vao thep dat hifiu qua thu hoi cao. 

Nho phuong phap luyen kim trong gau, nho viec th6i khf tro qua vat lieu xd'p 6 16 day 
g£u cung cho hieu qua tinh luyen va tfnh d6ng deu cao. Viec thdi khf tro cQng tao dieu kien 
cho sir hoa tan va lam d6ng deu cac chat phan irng va cac nguyen 1 6 hop kim. Co ch£ khu 
khf bang khf tro dua tren nguyen tac: Ap sua't rieng phdn cua khf cin khu trong bot khf tro 
ban d^u bang khong nen cac khf hoa tan vao thep long se khue'ch tan va di vao cung khf tro 
thoat ra khoi thep long. 

Vcri nhung thoi thep ren Idn, co doi hoi cao v6 d6 sach va tfnh dong nha't thi trudc khi 
bie'n dang c6n phai luyen lai trong m6i tru6ng khu khf (chan kh6ng) hoac luyen dien xi. 
Viec luyen lai dupe thirc hien bang dien nang. Cac loai thep luyen lai phai dupe na'u chay, 
rot thanh nhung dang thfch hop de’ lam dien cue tu thieu, nau chay dien xi trong mdi truong 
tinh luyen, chay tirng giot vao khu6n kim loai bang d6ng, co nude lam ngupi, dupe dong dac 
va keo lien tuc nhu due lien tuc. Qua trinh d6ng dac nhu vay se cho cac t6 chirc te' vi cua 
kim loai hat nho, d6ng true va ft bi thien tfeh. 

Cdc dien cue chay nhd h6 quang dien trong m6i truemg chan khdng va luyen dien xi 
dupe the’ hien tren hinh 2.17 a va 2.17b. 
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Hinh 2.17. Tinh luyen thep bang phuong phap luyen lai: 
a- Luyen chan kh6ng; b- Luyen dien xi. 













H6 quang dien trong chan khOng lam cho cac hoi kim loai bj ion hoa. Trong qua trinh 
kim loai chuyen thanh nhieu giot long ma khi bi khir ra't manh, lam cho ham luong cac khi 
hydro, oxy va nito giam xuong gicri han th£p. 6 dieu kien chan khdng, cac nguyen to' khOng 
k£i hop vdi nhau thanh cac vat lan; cac nguyen t6 hop kin khOng bj thay d6i thanh ph£n, 
mac du cac nguyen td nhu Pb, As. Zn... trong thep cflng hoa hoi. Tuong tu, ham luong P va S 
cung khong thay ddi. 

Trong 16 dien xi, kim loai qua Jorp xi long (do duoc nung n6ng theo qui tac di£n tro) 
da duoc lam sach cac tap chat. Trong xi chura CaO se tac dung va gift S lam giam % S trong 
thep; CaF 2 lam tang tinh linh dOng cua xi, con A1 2 0 3 lam tang dien trcr cho xi. Dien tro cua 
xi cang cao, nhiet do cua xi cang Ion, do do lam tang cong sua't tinh luyen. Phuong phap 
dien xi cho phep d6ng thdi lam sach S va cac loai khi nhu oxy, nito va hydro. 

Ca hai phuong phap luyen lai da n6u tao cho thep co tinh chat co hoc nang cao, de 
bi£n dang, d6 deo dai va dO ben lau tot. Su khac nhau co ban cua hai phuong phap la kha 
nang khu S khac nhau. 

2.4. NAU GANG 

De che’ lao cac mac gang khac nhau, can thi£t phai na'u gang trong cac thid't bi khac 
nhau: 16 durng, 16 dien (ho quang va cam ting), hoac nau lien hop 16 dting (giai quyet van de 
kinh te' va nang sua't) vdi 16 dien h6 quang hoac cam trng (giai quye't va'n de chat luong: 
thanh phan va nhiet d6 gang long). 

Gan 80% gang due duoc nau trong 16 dung dung nhien lieu ran (coc due). Gang chat 
luong cao duoc nau trong 16 dien. 

2.4.1. Cau lao 16 dung 

Phdn chfnh cua 16 dung duoc m6 la tren hinh 2.18, trong do duong kinh trong cua 16 D 
(dudng kinh duoc do 6 vimg mat gio chfnh) la quan trong vi quye't dinh nang sua't nau. M6i 
quan he giua D va nang sua't nau duoc th^ hien o bang sau: 


Bang 2.1. Quan he duong kinh va nang suat 16 


D; mm 

Nang sua't; t/h 

D, mm 

Nang sua't, t/h 

500 

1,5 

- 

- 

600 

2,2 

- 

- 

700 

2,9 

1200 

8,6 

800 

3,8 

1300 

10 


Chi£u cao huu fch cua 16 la khoang each tit mat gid chfnh tdi cira cha'l lieu se dam bao 
cho me lieu trong qua trinh na'u duoc nung nong, nong chay va qui nhiet. Su chay cua than 
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duqc thuc hien nhd khdng khf thdi vao qua he thdng mat gio (chi'nh va phu), trong do dien 
tfch cac mat gio chfnh chidm t6i 60 80% tdng dien tfch cac mat gio ciia 16. 

2.4.2. Nguyen, nhien vat lieu 

Nguyen, nhien vat lieu cho qua trinh ndu gang trong 16 durng bao g6m: nguyen lieu 
kim loai, than, chit trq dung va gio d^ ddt chay than. 

- Nguyen vat lieu kim loai bao g6m gang thoi 16 cao, thep vun (de dieu chinh thanh 
phiSn) va hdi lieu kim loai (tan dung phd lieu). Viec dung ty le cac nguyen vat lieu da neu do 
thanh phin c£c mac gang quydt djnh sau khi tmh loan phdi lieu co chu y tdi viec bd sung 
phtfn chay hao do qua trinh niu gay ra. 

- Nhien lieu trong 16 durng la cdc due. 6 Viet Nam, do thie'u cdc, ngudi ta con dung 
than da (Hon Gai, Mao Khe 6 trang thai “song” hoac sau nhiet luyen) de tarn n;fu trong cac 
16 dirng nho cho cac mac gang co tmh th&p. Yeu cau ve chat luqng ddi vdi than cdc due 
ngoai do ben co, nhiet tdt va cac tfnh chat khac, con co cac yeu c&u khac vdi ede 16 cao nhu 
d6 xdp nho, kha nang phan urng tha'p di co kha nang chay hoan toan (ra C0 2 ). 

- Gio thdi vao 16 ddng qua he thdng mat gio co the la gio ngudi (khong khf ngudi), gio 
ndng (200 + 600°C) hoac gio giau oxy (thdi them tdi 3 + 4% 0 2 ). 

So d6 vi su sdp xdp nguyen vat lieu trong 16 dirng duqc thd hien tren hinh 2.18. 

2.4.3. Qua trinh n&u gang trong Id dirng 

Qua trinh n£u gang trong 16 durng thuc chat la qua trinh n£u chay cac phoi lieu cho cac 
mac gang khac nhau co tfnh den sir thay doi cac nguyen to khi na'u. 

Giong 16 cao, trong 16 dting co hai dong vat lieu huyen dong nguqc chidu nhau: 

- Vat lieu phoi lieu duqc dua vao qua cira chat lieu, chuyen dong tir tren xudng dudi, 
duqc chuyen tir trang thai dac sang trang thai long (gang, xi) va nhien lieu chay thanh khi 16 
(CO hoac C0 2 ). 

- Dong khf qua he thdng mat gio vao 16, ddt chay than thanh khi 16, duqc chuyln ddng 
tir dudi len tren. 

Sir tiep xuc cua hai dong vat lieu nay tao didu kien cho chung trao doi nhiet va xay 
ra cac tuong tac hoa hoc xac djnh. 

Su chay cua than 

Than cho 16 dung la than coc due (trong didu kien thidu ede cd the dung tarn antraxit 
sdng hoac qua nhiet luyen). Dieu kien cin cho su chay ciia than la: 

- Than duqc nung ndng tdi nhiet dp bde chay nhiet dd bde chay ciia coc la 850 + 
950°C, cua antraxit la 700 + 800°C). 
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- Phai cung cap oxy (nha khting khi, gio giau oxy hoSc gio nong) va khting khi phai 
dirge nung nong ttii nhiet do > 600°C. 

Do c6t lieu trong 16 dting cao, sir chay cua than trong didu kien thi£u oxy, dac biet 6 
vung tren cac hang mil gio, nen su chay xay ra khong hoan toan. Vi vay, s u chay cua than 
trong 16 dirng dirge chia ra lam hai vung khac nhau xem hinh 2.18. 

- Vung oxy hoa: xay ra ngay trong vung dura cac mat gio, ti day co du oxy cho qua 
trinh chay cua than. Phan ting chay chu y6u theo phirong trinh: 

C + 0 2 = C0 2 + Q 

Day la phan ting chu yen de cung cap nhiet cho qua trinh 16 dting. Ke't qua la nhiet d6 
khi 16 tang rat manh va dat cue dai d cuti'i vung oxy hoa (1600 + 1700°C). Thanh phdn khi 16 
a cuoi vung oxy hoa chtia 18,5% C0 2 , 1,5% CO, 1,5% 0 2 , 77,4% N?. 

- Vung hoan nguyen: nhm tren vung oxy hoa. 6 vung nay, do % 0 2 da can va nhiet do 
khf 16 con cao (> 1150°C) nen xay ra phan ting hoan nguyen: 

C0 2 + C = 2CO - Q 

Day la phan ting thu nhiet va khflng mong mu6'n, can thiet phai tim each thu hep vimg 
nay. Do phan ting nay (cung vtii vifcc trao nhiet cho gang) ma nhiet d6 khi 16 giam rat manh. 
Thanh phiin khi 16 cutfi vung hoan nguyen nhir sau: C0 2 = 15%, CO = 10%, va N 2 = 75%. 
Duoi nhiet d6 nay, phan ting hoan nguyen C0 2 khOng xay ra nua nen thanh phdn khi 16 ttii 
cua chat lieu kh6ng thay doi. 

Hieu suaft chay cua than dugc the hien nh6 c6ng thtic sau: 


%C0 2 

%co 2 + %CO 


. 100 % 


Thirong r| = 45 4- 55%. Xu huting r\ cang cao cang lot. 

Cac vung cua 16 dting: Can cir vao dac diem trang thai cua vat lieu kirn loai (ran, nong 
chay, long) cung nhu hoat ti'nh cua khi 16 (oxy hoa, hoan nguyen) ma ngutii ta chia khoang 
khong gian trong 16 dting lam nam vung khac nhau: 

Vimg I: Vimg than 16 (vung nung nong lieu); 

Vimg II: Vung nong chay (phtii lieu kim loai nong chay); 

Vimg III: Vimg hoan nguyen (ting vtii phan ting hoan nguyen cua khi C0 2 -» 2CO); 
Vimg IV: Vung oxy hoa (ting vtii phan ting oxy hoa -> C0 2 ); 

Vimg V: Vimg n6i 16 {vimg chtia gang long). 

Vice phan chia cac vung trong 16 dting co thd xem a hinh 2.18. 
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Hinh 2.18. Qua trinh nau gang trong 16 dung: 

Cac vung: I- than 16; II- nong chay; III- hoan nguyen; IV- oxy hoa; V- noi 16. 


Qua trinh hoa ly 

Moi truong khi 16 trong 16 dung co tfnh oxy hoa yeu 6 vung than 16 va manh dan I6n 
qua vung hoan nguy£n tori vung oxy hoa, dac biet a vung mat gio khi khi 16 chua 21% 0 2 . 

Do tac d6ng giua khi 16 co tinh oxy hoa voi vat lieu ran a vung than 16 va long tu vung 
nong chay tro xu6'ng ma xay ra cac qua trinh oxy hoa cac nguydn t6 trong gang. 

Vi % Fe trong gang ra't Ion nen phan ung dau tien duqc thuc hien la: 

Fe + C0 2 = FeO + CO 
Hoac: Fe + 1/2 0 2 = FeO 

Nh6 FeO, phan ung oxy hoa cac nguyen td' khac se duqc thuc hien: 
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C + FeO = CO + Fe 
Si + 2 FeO = Si0 2 + 2Fe 
Mn + FeO = MnO + Fe 

Mat khac, su tiep xuc giira than (la vat lieu chua cacbon va nhieu S) n£n c6 sir tha'm C 
va S tir than vao gang long. Vi v|y, thanh ph3n cua chung se thay doi. 

Sh" thay doi thanh phdn cua gang: 

Nhir da phan tich, su thay d6i thanh ph^n cua gang trong 16 dtfng axit trung binh 
nhu sau: 


Su thay d6i cua cac nguyen t6 /%/: 

Si 

Mn 

S 

Khi chay 16 bang gio nguoi: 

-10 

-20 

+50 

Khi chay 16 bang gio nong: 

*0 

-15 

+30 


(Chu y: da'u - la chay hao, da'u + la tang len). 

Lo dung binh thuang duoc xay bang gach sam6t nen chay 16 bang xi axit hoac trung 
tinh nen % P kh6ng thay d6i khi nau. Ham luang cacbon co xu huang dat thanh phan cung 
tinh nen tuy theo phoi lieu chira nhi^u hay it C ma chung co the chay (oxy hoa) hoSc tang 
len (tham C tir than), 

2.5. LUYEN DONG 

2.5.1. Quang dong 

Luang dong chiem 0,01% trong luang vo trai dat. Chung thudng ton tai a dang quang 
va bao g6m cac loai khoang chu yeu sau: 

Khoang Sunfur: la khoang chu yeu, chung chiem tcfi 80% trong luang quang. Cac 
khoang nay co dang CuFeS 2 (chura 34,6% Cu), Cu^FeS, (chira 55,6% Cu), Cu 2 S (chira 79,9% 
Cu), va CuS (chira 68,5% Cu). Khoang cacbonat ! oxyi\ chie'm 15%, g6m CuCO > Cu(OH) 2 
(chura 57,4% Cu), 2CuCO v Cu(OH) 2 (chira 55,1% Cu), Cu 2 0 (chura 88,8% Cu), va CuO 
(chura 79,9% Cu). Khoang silicon nhu CuSi0 3 .2H 2 0 (chura 36,2% Cu). Dong nr nhieu Cu 
(chua 99,9% Cu). 

2.5.2. Qua trinh luyen dong 
2.5.2.1 So do cong nghe 

2.5.2.2. Qua trinh sdn xudt dong tho 

Qua trinh san xuat d6ng cu the duac the hien tren hinh 2,19. Chung bao gom cac phan 
cong nghe ca ban sau: 
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Thai In yen Id clniyen 



Uinh 2.19 . Sa do qua trinh luyen dong. 

♦ Tuyen, lam giau quang: nh&m che tao tinh quang dong. Qua trinh nay bao gom 
cac budc: sang -> nghien dap -> nghien bi -> tuyen noi say kho. San qua trinh do 
quang dirge dem thieu ket d £ dat dugc tinh quang thieu. Thiet bi thieu ket la 16 phan xa, 16 
quat gi6 bang khong khf ho5c gio giau oxy (de tao ra m6i trirong oxy hoa). Nh6 qua trinh 
thi^u k£t, cac phan ung sau se dirge thuc hien: 


48 























- Khu S: 6 nhidt do 800 -s- 1000 () C, cac khoang sulfua, thi du CuFeS 2 se bi phan ly 
hoan toan: 4 CuFeS 2 -> 2Cu 2 S + 4FeS + S 2 t 

3 

DOng thdi, mot phan FeS se bidn d6i thanh FeO: FeS + — 0 2 -> FeO + S0 2 ; cac khi 

S 2 > S0 2 thu duqc se dung de san xua't axil sulfuric. 

- Khu m6t ph&n tap chat de bay hoi nhu Cd. As, Sb... 

- Say kho de tang luqng Cu. 

Ket qua la ham luong d6ng trong quang tang tCr 1 5% len tcri 15 + 30%. 

♦ Luyen ra sten dong 

Sten dong la h6n hop cac cha't Cu 2 S.nFeS vdi cac chat thai (xi). 

Thiet bi luyen la 16 phan xa, moi truong khi 16 co ti'nh oxy hoa, nhidt d6 16 Idn toj 
1100 C. San pham nay duqc tao ra la ket qua cua phan ung: 

Cu 2 S + nFeS + FeO + Si0 2 + CaO —>■ Cu 2 S.nFeS + chat thai 

Sten d6ng chda 80 -5- 90% Cu 2 S va FeS trong do 35 - 55% Cu. 

♦ Che tao kim loai dong 

Thiet bi duqc su dung la 16 thdi (dung khong khi nen). Vat lidu duqc dua vao la sten 
d6ng va chat lao xi nhu Si0 2 . Trong dieu kien thiet bi, sten dong se bi oxy hoa theo cac 
phan irng sau: 

Oxy hoa FeS: FeS + ~ 0 2 -► FeO + S0 2 ! 

2 z z 

FeO + Si0 2 FeO (xi) 

Oxy hoa Cu 2 S 6 nhiet do 1250 [) C: 

Cu 2 S + 0 2 —► 2Cu + Si0 2 

D6ng tao ra con chufa 1% cac tap chat, can thiet phai duqc dem di tinh luyen. 

2.5.23. Qua trinh tinh luyen dong 

Cac tap chat chu yd'u trong d6ng thd la cac tap ch&'t kim loai nhu Zn, Sn, Fe... cung 
nhu phi kim nhu S, 0 2 ... Mu6n co d6ng sach, can tien hanh tinh luyen chung. Co hai phuong 
phap tinh luyen dong la: hoa tinh luyen va dien phan. 

♦ Hoa tinh luyen 

Nguydn tac cua phucfng phap hoa tinh luyen can cu: vao nguyen ly: “Ai luc hoa hoc 
cua cac tap chat kim loai v6i oxy ldn hon dong vdi oxy va cac oxyt tap tao thanh khong hoa 
tan vao d6ng long ma ndi ldn xi thi chiing se bi khu khoi d6ng”. Do do, co Ihe nau lai dong 
trong 16 thoi, khi 16 co tinh oxy hoa (dung gio thuong hay gio giau oxy), do nong do cua 
dong rat Ion trong hop kim nen dau tien dong se bj oxy hoa truce: 

4Cu + 0 2 = 2 Cu 2 Q 
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Hinh 2.20. Day chuyen c6ng nghg san xua't dong. 
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Sau giai doan oxy hoa, trong hap kim con chua 10 - 12% Cu 2 0. VI v&y, phai tie'n 
hanh khu oxy cho d6ng. Chat khu oxy co the la san pha’m chung than g6, khi cacbua hydro 
(CH 4 ) hoac dung hap kim (rung gian Cu-P. 

4Cu 2 0 + CH 4 = 8Cu + 2H 2 0 + C0 2 T 

Hoac 5 Cu 2 0 + 2P - lOCu + P 2 C>5T (hay C11PO3 long) 

Sau do, oxyt dong lai la ngudn cung ca'p oxy de oxy hoa cac tap chat kim loai khac 
(duac ky hieu la Me) theo phan ling: 

Me + Cu 2 0 = MeO + 2Cu 

Ai lire hoa hoevdi oxy duac xep theo thur tu giam diin nhu sau; Al, Si, Mn, Zn, Sn, Fe, 
Ni, As, Sb, Pb, Bi, Te,... Bang phuong phap hoa luyen, cac tap ch&'t Bi, Se, Te khOng khu 
duac ra khoi dong. 

• Dien phan tinh luyen dong 

Mot phuong phap cung hay dung la tien hanh dien phan de tinh luyen ddng. Theo 
phuang phap nay, d6ng th6 duac rot thanh cac anot (sau khi da nau trong 16 thdi bang khong 
khi nen chua oxy). Cue am la cac la ddng sach. Dung dich dien phan la CuS0 4 hay H 2 S0 4 . 
Che d6 dien cho qua trinh dien phan bao gom: dien ap 0,2 -5- 0,4 V; dong dien 10.000 * 
15.000 A va mat do dong 175 A/dm 2 . 

Dudi tac dung cua dong 1 chieu, d6ng a cue duang se tan thanh Cu 2+ : 

Cu - 2e Cu 2+ 

Cac ion duang nay chuyen v6 cue am va phong dien, bam len tarn dong sach: 

Cu 2+ + 2e —► Cu 

Dong dien phan cung co the nit'u lai dd thoi hoac duac sir dung thanh thuang phitm. 
Cac tap chat nhu Fe, Bi, Pb, Sb, As hoa tan vao dung dich dien phan, con Au, Ag l£n vao 
biin se duac xir ly thu hoi rieng. 

2.6. LUY$N NHOM 
2.6.1. Quang nhom 

Luang nh6m trong vo trai dat chie'm tdi 8,13%, chi dung sau oxy va silic. Do hoat tmh 
hoa hoc cao, nhdm chi t6n tai a dang lien ke't hoa hoc. Co nhi£u loai khoang khac nhau 
nhung nhieu nhat va co y nghia ky thuat nhat la boxyt. 

Cac dang boxyt ca ban la: 

- Hydroxyt nhom: AlOOH, Al(OH) 3 . 

- Cac oxyt nhom ngam nude va khong ngam nude Al 2 0 3 .3H 2 0, Al 2 O 3 .2H 2 0. 
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Thanh phan cua boxyt chua thanh phdn/%/: 35 4 60Al 2 O 3 , ph&n ngan - 25Si0 2 , 
2-40Fe 2 O ? , v£t- 1 lTi0 2 . 

2.6.2. San xuat nhom 

2.6.2.1. Set dd cong nghe san xuat nhom 

So d 6 san xuat nhom sach duoc the hien tren hinh 2.21. 



Hinh 2.21. So dd c 6 ng nghe san xuat nhom sach. 

2.6.22. San xuat oxyt nhom 

Co hai phuong phap san xuat chfnh la: 

- Phuong phap Baye (ki£m Baye). 

- Phuong phap thieu ket. 

• Phuong phap Baye 

Phuong phap Baye duoc sir dung rat rong rai de san xuat oxyt nhom tir boxyt chira it 
Si0 2 . So dd cong nghe cua phuong phap duoc the hi£n tr 6 n hinh 2.22. Phuong phap Baye 
gdm cac giai doan: 

Hoa tach trong 6tocla 

OtOcla la binh thep khong gi, hinh tru, chju ap luc cao. Boxyt (da nghien nho) va 
NaOH duoc dua vao binh. Binh duoc gia nhiet bang hoi nude de dat nhiet do 235 4 250°C va 
nang ap suA't l£n 35 4 40bar. 

Trong di£u ki£n da neu se xay ra phan ung sau: 
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Al(OH), 4 NaOH = NaAl(OH) 4 
AlOOH 4 NaOH 4 H 2 0 = NaAl(OH) 4 










ai 2 o 3 

Hinh 2.22. So d6 cdng nghe san xua't oxyt nhom (phuong phap ki£m Baye). 


Tir oxyt sat se hinh thanh hop chat Fe(OH);* ket tua lam can ba co mau do, con oxyl 
silic se tac dung vdi NaOH va NaAl(OH) 4 tao thanh Na 2 OAl 2 0 3 .mSi0 2 cung nam trong can 
ba. Nhir vay, san ph^m quang sau khi duoc xif ly o Otdcla la hdn hop bun quang g6m 
NaAl(OH) 4 va can ba. 90% cac phdn tur trong bun quang co kfch thudc « 300 pm. 

Lring loc trong thung boc hoi 

Tu Otocla, bun quang duoc dira vao thung tu bo'c hoi. 6 day, bun quang bi s6i manh 
liet va nhiet d6 cua chiing giam di ra't nhanh. Khi do se xay ra phan img: NaAl(OH) 4 -» 
2H 2 0 + NaA10 2 

Sau khi pha loang va lang gan se khu duoc cac oxyt sat ra khoi h6n hop da n€u. 

Khu£y phan hoa dung dich NaAI0 2 

NaA10 2 duoc pha loang va khuay 6 nhiet do 55 + 65°C trong 30 -5- 40 phut. Nhd qua 
trinh nay, dung dich trd nen dong deu va cac phan tu Al(OH)n duoc tao ra tu phan ting sau 
t6n tai 6 dang phan tan, la lung: 

NaA10 2 + 2H 2 0 ^ Al(OH)^ + NaOH 
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Hinh thanh cac hat Al(OH) 3 co kich thuoc Ion 

Nhb hai qua trinh: 

- Tao mam Al(OH ) 3 nhb phan img tr£n va sir dung lai chung sau khi rua. 

- Tao tinh the Al(OH ) 3 ldn do sir k£'t linh cua chung vao cac mam Al(OH)v 

Rura va nung dung dich 

Khi rua dung dich, se thu dirge cac tinh the Al(OII ) 3 co ktch thubc ldn, cac tinh th£ 
ki'ch thubc nho sc dugc quay lai c 6 ng doan trude dt lam tarn m3m ket tinh. £> 6 ng thdi, dung 
dich con lai (chura NaOH) se dirge c6 dac va costic hoa di dung lai trong thiet bi Otdcla. Khi 
nung d 1200 1300°C, ta se thu dugc san pham oxyt nh 6 m: 

Al(OH), —► A1 2 0 3 + 3H 2 OT 

Uu diem ciia phuong phap kiem Baye 

- Luu trinh don gian. 

- Chat lugng san pham t6t. 

- Gia thanh ha. 

Phuong phap nay dugc sir dung rat r 6 ng rai va ap dung cho cacbdxit tot, co %Si0 2 thap. 
2.6.3, San xuat nhom ky thuat 

Oxyt nhom rat ben vflng nen khdng the hoan nguyen chung bang C hoac CO dugc. 
Muon hoan nguyen chtmg phai dung phuong phap dien phan. Phuong phap nay dugc mo la 
tren hinh 2.23. 0 thic't bi dien phan, cue duong la ho di£n cue tu thieu, con cue am la day be 
kim Ioai. 

Trong bi di 6 n phan, do luc lien ket irong oxyt nhOm rat Idn, n£n phai dung chi do 
dien: dien ap 4V, dong dien tdi 150 000 A. Dung djeh dien phan la h 6 n hop A1 2 0 3 va 
NaAlF fi . Lugng A1 2 0 3 chiem < 7 + 10%. 

O day, oxyt nhom va cryolit bi phan ly ra cac ion duong va am: 

A1 2 0 3 2A1* + + 30 2- 

Na 3 AIF fi ^3Na + + AlF 6 *“ 

Duoi tac dong cua dong dien mot cliieu, cac ion duong Al 3+ va Na + chuyen ve cue am. 
Do the' dien cue khac nhau, chi co ion Al^ + phong dien tao thanh nhom. Tuong tu, cac ion 
am O 2 va AlF fi '~ di chuyen ve phia cue duong. Tai day, chi co ion 0 2 ~ phong dien, dbng 
thdi ket hgp vdi C d dien cue tao thanh khi CO va C0 2 . 

Trong qua trinh thuc hien edng nghe, oxyt nhom dugc bo sung deu dan, con nhom 
long dugc lay ra khoi 16 sau thdi gian xac dinh. K 6 t qua, ta nhiln dugc nhdm sach ky thuat 
vdi %A1 = 99,7%. Cac tap chat con lai trong nh 6 m chit yeu la Fe, Si, Ti, cac loai cryolilh, 
oxyt va cacbit nhom cimg lugng khi hydro xac dinh. 
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2.6.4. San xu&'t nhom sach 

• Phuang phap nau tach va clorua hoa 

Phuong ph£p cho nh 6 m c 6 d 6 sach tdi 99,9%A1. 

Trong phuang phap nay, nhdm ky thuat dirge na'u lai irong 16 di£n tro. Chung duoc 
chat vao ph£n thanh d 6 c nghieng. Nang nhiet trong 16 ldn tori 700 - 5 - 710°C, nh 6 m se chay 
xudng day 16, con cac kim loai kh 6 chay nhu Fe, Si, Ti... chua chay, con t 6 n tai 6 trang thai 
s£t duoc gat ra khoi 16. De khu c£c tap chat kim loai va phi kim khac cung nhu khi hydro, 
khi clo duoc th 6 i sue vao d£y 16, trong b£ kim loai trong khoang 15 phut 6 nhiet d 6 750 * 
770°C. Luc do se xay ra phan ung: Cl 2 + A1 -> AICI 3 

Khi A1CL bay I 6 n se k£o theo khi hydro va cac tap chat lo lung. Cac tap Ca, Na... 
cung bi clorua hoa va duoc loai ra khoi nh 6 m. 

• Phuang phap dien phan ba ldp (hinh 2.24) 

Phuong phap cho nh 6 m dat d 6 sach cao nha't (99,995%A1). Theo phuong phap nay, 
duong cue la hop kim nh 6 m Al-25%Cu, co ty trong 6 * 600°C la p = 3 + 3,5 g/cm 3 , chat 
dien phan la h 6 n hop mu 6 i co thanh phdn 60% BaCl 2 , 23%A1F3 va 17% NaF, co p = 2,7 
g/cm 3 , con cue am la nh 6 m sach co p = 2,3 g/cm 3 . 



Hinh 2.24. Dien phan ba 16p d£ san xuat nh 6 m sach. 

Nhiet d 6 trong 16 dat 760 + 800°C, voi dien ap be dien phan la 6 -s- 7 V. Chieu day ldrp 
hop kim A1 - 25% Cu la 20 + 25 cm, ldrp dien phan 12 15 cm, con lop nh 6 m cue am la 

10 + 15 cm. 

A1 (trong hop kim Al-25%Cu) tan: 

A1 - 3e -► Al 3+ 
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Al 3+ chuy^n qua lcfp trg dung tdi am cue se phong di6n: 

Al 3+ + 3e -► A1 

Cac kim loai co dien the di£n cue duang han nh6m (Cu, Fe, Si) khong tan, vln 6 
duang cue. Cac kim loai km han nh6m (Mg, Ca..,) 6 dang ion nhung dugc giO lai 6 trong xi 
(vi dien the phong di£n cao han nh6m). 



L6p vo oxyt nhom 


CatOt (thanh sat 
boc cacbon) 


Hinh 2.25 . So do nguy£n ly be dien phan san xu£t nh6m ky thu&t. 
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Chtfcrng 


DUC KIM LOAI 


3.1. KHAI NI$M Vfi DUC 

Due la m6t phuang phap ch£ tao chi tiS't bang each rot kim loai long vao khuon due. 
Hlnh dang cua hoc khudn gid'ng het nhu hlnh dang cua chi tict can ch£ tao. Kim loai dong 
dac va hlnh thanh vat due. Khudn due co the la khuon da, khudn diYt set, khuon cat, khuon 
gom, khudn kim loai... 

Co th£ md ta to&n bo cong nghe due trong khudn cat nhu sau: 



- Due san pham my nghe bang lhach cao trong khudn thach cao; 

- Due da; 

- Due nhua dudi ap lire, due dd nhua trong khuon. 

Qui trinh noi tren khong phai la bdt buoc cho moi edng nghe due. Thi du, due trong 
khudn kim loai then khong co cac c6ng doan che tao hon hop lam khuon ma chi co che tao 
khudn va rudt. Tuy co rat nhieu phuang phap due, nhung van co th^ phan chia c6ng nghd 
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due thanh cac nhom sau: Due thOng thirong (qua trinh rot va dong dac xay ra dudi tac dung 
cua trong trudng) va due dac biet. Due dac biet co the la dac biet ve nguyen lieu, dac biet ve 
edng nghe va dac biet ve each rot va qua trinh ddng dac khac vcri trong truong. Due dac biet 
lai duoc chia lam hai loai c6ng nghe dac biet: 

a. Dac biet ve nguyen lieu va cong nghe: co the ke den khu6n miu chay, khu6n m&u 
chay, khudn vo ciing, khuon lam theo phtrong phap A, N, D, C, C0 2 va khuon V (vacum). 

b. Dac biet ve each rot: do la due ap lire cao; due ap luc tha'p, due khang ap; due ly 
tam; due hut chan khong; due dap long; due lien tuc. 

- Hop kim due va each nau luydn. 

Gang xam, gang c3u, gang deo nau trong cac 16: 16 due, 16 didn h6 quang, 16 cam ling. 

Thep duoc nau trong 16 dien ho quang, 16 cam ling. 

Hop kim d6ng, hop kim Al, hop kim kem, hop kim dd chay na'u trong 16 noi d6t bang 
dau, than, 16 dien trd,16 cam ling. 



Hinh 3.1. Ca'u tao khudn due 
1- H6c khuon : 2- Horn khudn dtrcri • 

3- Rudt due ; 4- Dau ngot hd ; 

5- Dau hoi ■ 6- Horn khudn tren : 

7- Dau ngot ngam ; 8*Ongrot ; 9-Ranh dan. 

Cac dang due khac: 

- Do dich bun set de tao phoi moc cho dd gdm trong khudn thach cao; 

- Due be tong dd tao cot, dam, tam, 6ng cong... 
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3.2. VAT LlfiU LAM KHU6N 
3.2.1. Cat khuon 

Mac du tfnh cha't cua h6n hap lam khu6n la ket qua t6ng hap va tac dung tucng h6 cua 
cac thanh phdn tao nen h6n hap nhung trong h6n hap then cat chiem ti la cao nha't, khoang 
90%. nen tlnh chat cua cat mang tfnh quyet dinh dan tfnh chat cua h6n hap. Cat khuon c&n 
co cac tfnh chat nhu chju nong t6't, tra vai tac dung cua kim loai long, dkn nhiet 161 , cho khf 
di qua de d£ng, co do bin cao khi dung ft chat dmh, gian no nhiet tha'p, ft d6c va sir dung 
duac nhieu Iin. 

Cat la tap hap nhung hat co kfch thudc, hinh dang va trong lugng rieng khac nhau. 
Kha nang cua cat thoa man dugc nhung yeu cin tren thucrng dirge danh gia theo cac chi 
tieu sau. 

a. Thanh phan hat cua cat 

Chi tieu nay cho bi£t do lan cua hat cat, su phan bo cd hat, hinh dang hat va trang thai 
be mat cua hat. D£ lam khuon due, d6 hat cua cat thucrng lay tu 0,2 -s- 1 mm. Cat qua mjn 
phai dung nhieu chat dmh do co tdng dien tfch hi mat Icm, dong thcri lam cho h6n hap co d6 
th6ng khf kem, di gay r6 khi. Cat qua to di gay khuyet tat chay cat tren be mat vat due. 

Dung phueng phap sang phan loai de danh gia d6 hat cua cat, n£u tren 70% lugng cat 
n^m tren ba ccr sang lien tiep do la cat tap trung, ngugc lai goi la cat phan tan. Xu huang la 
nen dung cat tap trung di san xuat h6n hgp lam khuOn. Hinh dang cat cang gan dang cdu 
thori cang tdt vi hinh cau co dien tfch be mat nho nhat trong cac loai hinh n£u co cung th^ 
tfch va khi do lugng chat dfnh su dung se ft han. Mat khac, khe xop mao dan gitia cac hat 
cat hinh cau va do do la d6 th6ng khf cua cat se tot han. Ve hinh dang, co bon loai cat, cat 
hat tron, cat hat tron canh, cat sSc canh va cat hinh phie'n. Trang thai be mat cua hat cat 
quyet dinh de'n sir lien ket giua cat va cha't dfnh va qua do la anh huang d£n d6 ben cua h6n 
hgp lam khuon. Thf nghiem da chUng to rang, chi c3n loai bo cac cha't b^n ben ngoai be mat 
hat cat ma kh6ng cin tang chat dfnh da lam tang d6 ben cua h6n hop lam khu6n I6n gap doi. 
Diiu nay md ra mot hudng nghien cuu va trien vong mcri: nang cao tfnh chat h6n hgp lam 
khuon bang each thay ddi trang thai be mat cua hat cat. 

b. Thanh phan khoang hoc cua cat 

Thanh phan khoang hoc cua cat quyet djnh ra't nhi^u den tfnh chat cua vat lieu nhu do 
chju nong, kha nang tac dung vdi kim loai long, mtfi lien ket hat cat va cha't dfnh, su gian ncr 
nhiet. M6i loai khoang co kha nang chiu nhiet rat khac nhau, thf du cat thach anh Si0 2 co 
nhiet do nong chay 1713 (> C, cat ziecon ZrSi0 4 co nhiet do nong chay 1920 C) C. Cat thach anh 
de dang tac dung vai FeO di tao thanh hop cha't de chay bam chat len be mat lam giam cha't 
lugng vat due. 
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c. Thanh phdn hod hoc cua cat 

MOt nguyOn 1 6 c6 the' tdn tai trong cat dudi dang nhiOu hap chSt kMc nhau. Di£u quan 
trong 6 day la dang t6n tai cua nguyOn tf> chti khOng phai sir co mat cua chung da lam anh 
hudng d£n cha't lupng cua hOn hop lam khuon. Thf du, natri co mat trong NaCl khOng lam 
gia tang qua trinh chuy^n bien thu hinh tir a-thach anh sang a-tridimit d nhiet do 1300°C, 
nhung Na trong NaC0 3 cung a nhiet do a'y da lam cho 85% a-thach anh chuyOn th^nh 
a-tridimit. Ngoai thanh ph^n cd ban la khoang chat tao nen cat* con co cac loai oxyt khac 
t6n tai trong cat. Cac oxyt n£y thucmg lam x£u di c£c tinh chat cua h6n hap lam khuOn do 
chung d6 dang hinh thanh cic hap chat hoa hoc co nhiet do nong chay tha'p. 

Cac loai cat thucmg dung: 

- Cat thach anh thanh phan chinh la Si0 2 , nhiet do nong chay 1713°C. 

- Cat samOt 34%A1 2 0 3 + 65%Si0 2 , co \h£ chiu duqc den 1800°C. 

- Cat cacbon la coc due nghien nho* chiu nhiet tO't han, gian no nhiet nho, it va vun. 

- Cat magnezit: thanh ph£tn chu yeu la MgO va mot s6 oxyt khac. Thirdng dung de due 
thep va gang chira Mn. 

- Cat cromit: thanh ph£n gom Cr0 2 + FeO. Co th6 chiu dupe nhiet do khoang 1800°C. 
Diing cho due thep. KhOng dung l&n vdi cat thach anh va de tao hap chat de chay. 

- Cat olivin: thanh phdn la (Mg,Fe) 2 Si0 4 . Nhiet do nong chay 1910°C. Dung de due 
vat due gang va thep co thanh day vi no khOng tac dung vdi oxyt sat. 

- Cat ziecon: thanh phan chu ye'u la ZrSi0 4 . Cat nay co tinh chat iru viet nha't trong 
cac loai cat due. Dung cho h6n hop lam khuon va ca trong chat son khuOn. 

3.2.2. Chat dinh 

a. Yeu cdu voi chat dinh 

Chat dinh la nhung vat lieu trong hOn hop lam khuon, ruOt co tac dung lien ke't cac vat 
lieu hat tao cho hOn hqp lam khuOn nhung tinh chat nha't dinh, thoa man cac yeu cau lam 
khuOn. Thucmg dung 2 loai chat dinh, chat dinh vo ca va chat dinh huu ca. 

Chat dinh phai thoa man cac yeu cdu sau: tao do bdn cho hdn hqp, dl dang phan bo va 
phan bd deu xung quanh cac hat cat, khOng dinh vao mau, hOn hqp co do linh dOng du Idn 
de lam khuOn; khong hut nude hodc hiit nude ft; ft sinh khf; dq b^n con lai sau due cua hOn 
hqp phai nho; gitf duqc tinh chat trong thdi gian dai, khong gay dOc hai cho sue khoe con 
ngudi. 

b. Cac loai chat dinh 

Chat dinh vo co 

- Dat set: Cd ba loai khoang set, khoang caolinit Al 2 0 3 .2Si0 2 .H 2 0; khoang montmorillonit 
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Al 2 0 3 .4Si0 2 .H 2 0 va khoang illit Al 2 0. v 2Si0 2 .4H 2 0. Trong do khoang montmorillonit co 
tmh chat tot hon ca. Luang dung da't set caolinii khoang 10 - 12% so vdi khoi luang cat, set 
bentonit 5 - 7%, neu set bentonit da bien tmh thdi luang dung con nho hon nua. 

- Nude thuy tinh: C6ng thirc hoa hoc Me 2 0.nSi0 2 .mH 2 0 trong do kim loai Me co the 
la K + , Na + hoac Li + . Nude thuy tinh duoc su dung nhieu trong san xuat due vi re tien, de che 
tao, co dd ben kha cao. Nhugc diem cua no la do ben con iai ldn, khdng sir dung lai duoc. 
Luang dung khoang 3 + 6% so vdi cat lam khudn khi modun cua nude thuy tinh la 2,8 + 3,0. 
Phucng phap dong ran nude thuy tinh la sa'y; thdi khi C0 2 ; bang FeSi va bang este. 

- Etylsilicat: etylsilicat la nhung este cua axit silisic. Cong thuc hoa hoc 
(C 6 H 3 0) 2n+ 2Si n O n ., vdi n = 1 - 6. Ban than etylsilicat khong the dinh duoc ma phai qua qua 
trinh thuy phan va trung hop de chuydn sang trang thai keo. Thudng dung etylsilicat lam 
chat dinh trong khudn gom due mSu chay. 

- Ximang: Khuon lam bang hdn hop cal-ximang co nhieu uu diem nhu do b£n cao, 
khdng edn dam chat, khudn co do thong khi cao, de sira, it co bong cat. Nhung no cung co 
nhieu nhuac die'm nhu: chiu nhiet kem, de nirt, hut nude, kho pha khudn va khdng sir dung 

lai duoc. 

Chat dinh lulu cct 

. Cha't dinh dau. Co nhieu loai dau nhung khdng phai dau nao cung lam chat dinh 
duoc. Chi co nhung dau ma trong ca'u true cua no co mot dau phan cue va nhung moi lien 
ket chua bao hoa. Thoa man dieu nay co cktu trau, dau lanh va dau gai. 

- Nhua phenol fomaldchyt. Day la san pham cua phan dng giua phenol va fomaldehyl 
trong mdi trudng kidm hoac axit co chat xvic tac. 



Tuy thuoc vao mdi trudng phan ling va cha't xuc tac ma thu duoc nhua nhiet ran hay 
nhua nhiet deo. Trong mdi trudng axit du phenol se thu duoc nhua nhiet deo. Trong mdi 
trudng baza du fomaldehyl se thu duoc nhua nhiet ran. Nhua nhiet deo co tinh thuan nghich, 
khi gia nhiet nhua se dong ran nhung khi ha nhiet nhua lai trd ve trang thai long. Muon dong 
ran phai dung chat xuc tac, thudng la urotropin. Nhua thudng dung lam chat dinh trong 
trong san xuat khudn mong vo. 

- Tinh bot. Thudng la bot ngu c6c hay bot khoai tay. Tinh hot dung lam chat dinh 
trong son khudn hoac chat 6 a dinh. 

- Nude ba giay. La san phiim thai cua nha may san xuat gd, nha may san xuat xenluld. 

- Nude mat. Hay con goi la nude ri dudng, do la san pham cua nha may san xu£t 
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dircmg. Hdn hap cat - nude mat sau khi say khdng hut nude, do bin tdt han nude ba gia'y 
nhung kem do bdn cua h6n hap cat dau. 

3.2.3. Cac chat phu 

Chat phu trong h6n hap lam khudn co tac dung tang cudng mot so tinh chtft dac bidt 
c^n co hoac han ch£ mdt so tfnh chat nao do cua h6n hap lam khuon. Thudng dung bot than, 
mini cua, dau mazut. bot luu huynh. 

Cac chat noi tren cung vdi dung moi duac trdn deu vdi nhau tao thanh h6n hap lam 
khuon va dua vao phan xudng che tao khuon. 

3.3. CHAT LI/0NG VAT DUC VA THIET KE CHI Tl£)T DUC 

3.3.1. Chat luang vat due 

V&i due duac danh gia la co chat luang cao khi no thoa man cac yeu cau sau day. 

- Kim loai co thanh phan va ti'nh chat hoan loan thoa man theo yeu cau dat ra khi thiet 
ke chi tide. V&t due ket tinh theo hudng thuan lai dc dam bao khdng co rd co, rd ngot. Td 
chtrc kirn loai phai thoa man yeu cau ve do bin lam viec cua chi tiet, thdng thudng, td chuc 
cang nho min cang tot. 

- Vat due phai co kich thude chfnh xac theo dung ban ve cong nghe. Di dam bao duac 
di6u nay, can phai ti'nh loan rat chfnh xac cac yeu to cau thanh nfin luang du gia c6ng khi 
tien hanh thiet ke cong nghe due nhu luang du bu co, luang du gia edng ca khi, luang du 
danh dong mau, luang du do mau gian no... 

- Be mat nhan, dep. Phu thuoc vao kim loai due ma chon loai v4t lieu lam khudn va 
chat son khuon cho thfch hap. Th6ng thudng, vat dtic due trong khuon kim loai co be mat ttft 
han due trong khudn cat; due dp lire cao thdi be mat con tot han nua. Nhiet dd kim loai long 
cung lam tang chat luang be mat vat due dudi goc do lam tang do chay loang kim loai long 
va tat nhien la lam tang tinh in hinh ro net tren be mat vat due. 

3.3.2. Cac yeu to anh hudng den chat luang vat due 

Co the dieu khi^n qua trinh due dua vao cac nguydn ly sau: ♦ Kim loai long co do 
chay loang tot... de tranh due thieu; ♦ Co ngot va dong co hudng (co dieu khidn sir dong 
dac)... dfi tranh duac r6 co; ♦ Tdc do truyen nhiet va sir ket tinh... de co t6 chirc kim loai 
min hat; ♦ Ung suat du, nut, cong venh... dc tranh nut; ♦ Nguyen ly dam chat, dong ran va 
chat luang khuon cat... dd tranh tat be mat; ♦ Hoa tan khi, tuong tac giura khudn va kim loai 
long... dd tranh rd khi. 

a. Do chay loang 

Xet dong chay trong ong, hinh 3.2. Do co ma sat giua cac phan tu cua chat long nen 
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t6c dd dong chay cua cac phin tir mo ta nhu 
hinh b£n. d tim d'ng, td'c dd dong chay ldn nha't, 
ch^t long d sat bidn hiu nhu khong chuy^n 
dong. Xet mdt phan id the tlch co didn tich tiep 
xuc gitfa hai lorp la S. Luc tac dung tuong h6 
giua hai ldp la: 


f 




Hinh 3.2. Dong chay trong d"ng. 


Trong do: — 
dx 

ri - d6 set ddng luc 


- gradient td'c dp theo huong vudng goc vOi huorng di chuy^n chat long; 
hay con goi la dd sdt tuydt dpi, Ns/m 2 ; hoac Poazo ki hieu la P; IP 


1 N 

10 m 2 ' 


Dd set chuyln ddng ia ti s6 giua do sdt ddng luc va khdi lupng rieng cua chat long: 

v = — [m 2 /sl hoac stdc [Stl; 1 St = 10 -4 m 2 /s 
P 


Dd chay loang \\t la gia tri nghich dao cua dd sdt ddng luc: 
y=- [m 2 /Ns] 

n 


Tren nhidt dd nong chay, kim loai co dd loang tuong doi lorn. Dieu do lam cho kirn 
loai long dd thay ddi hinh dang theo dufrng net trong hdc khudn khi dien day vdi toe dd xac 
dinh (dd'i vdi truemg hop due nhd trong luc kim loai - goi la phuong phap due thdng thudng). 

Khi nhiet dd thafp hon nhidt dd nong chay thdi kim loai cung co thi chay vao khudn 
nhung phai c6 ap luc nen hoac dap (co thd goi day la trudng hop due ap luc hoac qua trinh 
bien dang • ren dap). Nhu viy, co thi dung nhtfng luc khac nhau tac dung len dong kim loai 
liic dien day khudn: luc ly tarn khi due ly tarn, luc nen cua piston khi due ap luc cao, ap luc 
th£p khi due chan khdng. 

Dd loang cua kim loai long khi di6n diy khudn co y nghia die bidt ldn trong san xuit 
due. Tinh chflft edng nghd nay dupe goi la kha nang dien day khudn. N6 la tfnh edng nghe va 
d6ng thdi cung la tinh due cua hop kim (dd chay loang cua hop kim), boi vi no xac djnh kha 
nang dien d£y khudn cua kim loai long. 

Mdi khi kim loai long ngudi dd'n nhidt dd dudi dudng long, trong no da bat diu hinh 
thanh cac tinh the cua kim loai ddng dac, thdi dd loang giam ri't nhanh. Kim loai dang dong 
dac (g6m hai pha: die vi long) edn cd thd chay tiep, chung nao ma cac khung tinh the cua no 
chua du day die d£ ngan can su chuy&i ddng cua kim loai long. Kim loai long ngimg chay, 
khi khd'i lupng cac tinh thi ddng dac ldn hon 20% (nghia la luc do da cd 20 % pha die). 
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Tranh due thiPu bang each sau: 

• DPi vdi khudn: Khudn phai nh£n, c6 nhiet dp cao, trd lire ft; 

• Kim loai long: nhiet do cao* chon hop kim co nhiet dp chay tha'p hoac co thanh ph£n 
cung tinh; 

• Chuye’n each rot trong truemg sang dung ap lire tac dpng vao kim loai long. 

b. SU kit tinh & to chttc him loai 

Khi rot kim loai long vao khudn, qua trinh thai nhiet cua kim loai long chu ye'u thdng 
qua khudn due, bdi vay toe dp ngupi tuong dpi nhanh, nhiet dp trong kim loai long khdng 
d6ng nha't, phan kim loai nam sat thanh khudn dupe lam ngupi vdi tPc dp r£t Idn, cang vao 
tam vat due, toe dp nguoi cang giam diin. Mpl thf du vP dpng hoc qua trinh ddng dac cua 
hop kim co viing hai pha dupe the hipn trdn hinh 3.3. 


Hinh 3.3. Ddng dac cua hop kim 2 pha 
T l - nhiet dp duong long; T s - nhiet dp 
duOng dac; T mt - nhiet dp mdi truerng 
1- Khudn due; 2- Kim loai ran; 

3- Viing 2 pha; 4- Vung long. 


Cac dudng bieu thi nhiet dp cua vat due va khudn due tr6n hinh 3.3 cho tha'y, trong 
khoang thdi gian ngan sau khi rot, gradient nhiet dp trong khudn due co gia tri rat ldn, kim 
loai long dupe lam ngupi r£t nhanh. Trong qua trinh rot, nhurng dong xoay kim loai tao ra su 
ma sat rat lom giua kim loai vdi thanh khudn. Bdi vay, theo ly thuyPt hinh thanh mam thdi 
trong viing tiep xuc vdi thanh khudn se co vd sp nhung tam m^m ngoai sinh dupe hinh 
thanh. Nhurng mam nay se Idn len thanh tinh the theo co che' nhanh cay. Ban diu cac tinh l\\i 
d viing thanh khudn phat tri£n theo nhung hudng khac nhau cho den khi chiing ti£p xuc va 
can trd lln nhau. Hudng true chinh cua nhanh cay triing hoac g£n vdi hudng toa nhiet chinh 
vudng goc vdi thanh khudn. Cac nhanh cay phat tri£n theo hudng nay vori mpt toe dp nhanh 
nhat va no can trd su phat trien cua tinh th£ lan can co hudng phat triin bat lpi hem. Sau qua 
trinh canh tranh, mpt s6 tinh th6 ngimg phat trien va s6 con lai tie'p tuc Idn len theo chi£u 
vudng goc vdi thanh khudn. Theo Khvorinov, d Idp ngoai cung cua vat due, cac tinh th£ dinh 
hudng ba't ky nhung chi co nhtfng tinh thd ma hudng true chinh cua n6 tao thanh goc nho 
hdn 45° so vdi hudng vudng goc vdi thanh khudn la cd kha nang phat tri£n dupe. Trong sP 
nhung tinh the nay mpt sP se ngimg phat trien do qui luat canh tranh. SP con lai se phat trie’n 
thanh nhtfng tinh th£ dai va co dinh hudng giong nhau. 
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TCr nhtfng di4u da trinh bay Iren, 
ta tha'y ro rang la lap ngoai cung cua 
thoi due la nhGng hat tinh th£ mjn co 
true dinh hudng bat ky (hay con goi la 
Ibp “da diic” co ca tfnh cao, co kha 
nang chong an mon, chiu mai mon tot), 
phfa trong la nhung tinh thi hinh tru co 
hudng vuOng goc vdi thanh khupn. Ntfu 
khuon due co kha nang nguPi lan thcri 
cac tinh thd hinh tru dinh hu6ng co the 

phat triin vao tan trung tarn thoi due. //,„/, 3 , 4 , eft, true tieu biiu cua thoi due. 
Thoi due c6 to chirc hai viing nhu da 

neu goi la to chUc xuyen tinh. T6 chuc xuyen tinh c6 uu diPm la ft r6 co, chba ft bot khf 
phdn tan, kim loai co mat dp xit chat han; nhung nhuac difim quan trong la d6 bi m'rt rach 
khi ren hoac can sau nay, nha't la a tam true cua thoi due, nai ket tinh sau cung g6m toan 
nh&ng nguyen t6'd t chay nha't. Nd'u vat lieu lam khubn co he so dan nhiet nho thoi tai vung 
trung tam da co nhiet dp nho han nhiet dp kPt tinh ly thuyet T () , xuat hien cac tam m£m k£'t 
tinh trong khi cac tinh Ihi dinh hudng tir b6n ngoai chira kip phat trien vao trung tam. Cac 
m£m d trung tam se ldn ldn thanh cac hat tinh the. Huerng toa nhiet a day la dong ddu theo 
moi hudrng n£n cac tinh th£ cung lan len theo cac hudng la nhu nhau, mot vung 1 6 chuc ddng 
true dupe tao thanh d trung tam vat due. Nhu vay, trong dieu kien dPng dac binh thudng vat 
due co ba vung ro ret: lap vo ngoai cung la cac tinh the' d£u true nho min, tiep theo la Idp 
tinh the dai dinh hudng tCr vo vao tam vat due va cuoi cung trong tam vat due la cac tinh the 
d£u true th6 to. 

ChiSu day ddng dac £, phu thupc vao thdi gian ddng dac duac tfnh theo cong thuc: 

Pi-L 

Trong do: b 2 = (A. 2 .C 2 .P 2 ) 1/2 goi la hp $ 6 tfch nhiet cua khuon; T, x - nhiet do tiep xuc 
kim loai long va khupn; T ml - nhiet dp mdi trudng; pj - khdi lupng rieng kim loai; L - an 
nhiet ke't tinh cua kim loai. 

• Anh hudng ciia thanh phan hap kim va toe do ngupi. 

Tdc dp ngupi !dn, vat due ddng dac nhanh. Diic trong khuon cat kim loai ngupi cham 
hdn so vdi trong khuPn kim loai, vat due de hinh thanh tinh the nhanh cay va dong true han. 
Cac nguyen t<5 hap kim thudng lam mb rong vung hai pha do do lam tang nguy ca hinh 
thanh xdp co trong vat due. 
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Hinh 3.5. Cac dang ket linh cua hop kim: 

1- Khu6n; 2- Kim loai d6ng dac. 

T6c do nguOi khac nhau se cho 1 6 chirc kim loai cQng khac nhau: 

- Nguoi cham 10 2 °C/s ... nhanh cay th6 

- Ngu6i nhanh 10 4 a C/s ... min hat, nhanh cay nho 

- Nguoi cue nhanh 10 6 - 10 s °C/s... vo dinh hinh 

To chirc kim loai khi ket tinh con tiiy thuoc vao khoang dOng cua hop kim. Hop kim 
co khoang d6ng lcm thirong tao tinh the nhanh cay 6 vung giQa solidus va liquidus. Hop kim 
Fe co khoang d6ng nho, hop kim Al, Mg co khoang dong 16n. 

Hinh 3.5 the hien 3 kha nang hinh thanh cac ki^u dong dac ma cac dieu kien hinh 
thanh cac 1 6 chirc do m6 ta theo bang 3.1. 


Bang 3.1. Di6u kien kei tinh cua kim loai 



Kieu a) 

Kieu b) 

msmsm 

Di£u kien ket tinh 

Nguoi cham 

Dung dich dac 

Tac d6ng co, dien. 


Khoang dong nho 

Khoang dong Ion 

lir va bi£n tinh 

TO chirc kim loai 

Nhanh cay hinh tru 

Nhanh cay deu 

Hat deu, khOng 
nhanh cay 

Co ngot 

R6 ngot dtrong tarn 

R6 xtfp phan tan 

Khong co 

Co tinh 

Ben khOng dong deu, 
ngot sau, it nut nong 

Binh thudng 

Ben, deo tang, xdp, 
ngot giam 


Trong ky thuat, doi khi cdm cac chi tie't co ca'u tao chi bao gom m6l tinh the con goi la 
don tinh the. Thf du trong cong nghiep ban dan hay ch£ tao nhung canh tuabin dac biet. Don 
tinh ih£ co dac tinh rat b&n hoac co tinh cha't dan dien rat dac biet. 


67 
























Bing phuong phap keo dan tinh 
the ngudi ta da san xu&'t duoc cac dan 
tinh thi Si, Ge cd dudng kfnh 50 -s- 150 
mm, d&i tr€n l m. 

C&c v£t lieu n6i chung d4u co 
U'nh dao, turc la, d nhidt dd cao, vin 
xuit hien trang thai bid'n dang ngay ca 
khi da khir bo luc tic dung. Silic tinh 
thi co tinh chit rit die bidt, n6 khdng 
bi dao vi khdng c6 bi£n dang dix d 
nhidt dd Lam vide dudi 800 (> C. Vdi 
nguySn ly didn trd thay ddi khi thay 
ddi kich thude dien tra theo edng thtic 
R = pL/S, cac cam bi£n bing silic co 
the hoat ddng vdi tin s6' hang tram 




Hinh 3.6. Hai phuang phap nudi dan tinh the: 
a- phuang phap Zochralski; 
b- phuang phap luyfen viing. 


tridu chu ky trong mdl giiy ma khdng kdm theo bit cu mdt su trd co hoc nao. Bdi v&y, ctfu 
true nhay ca sir dung silic lam phan tu cam bi£n ca rit co hi£u qua trong trudng hap tai tuin 
hoan. 


c . Co the tick, xop co vd hudng dong dac 

Khi thay ddi nhidt dd, moi vit lidu deu thay d6i kich thude theo nguySn ly “nong nd 
ra, ngudi co lai”. Bdi vay, khi ddng dac cac kim loai va hap kim ddu co. Trong qua trinh 
ddng dac va ngudi cua vat dtic, nhung hien tuang vat ly xay ra ddu lam anh hudng din kich 
thude va tinh ddng nha't cua vat due. Qua trinh co cua kim loai - hap kim due trong qua trinh 
ddng dac va ngudi, mdt mat lam thay ddi kich thude ben ngoai cua v|t due, mat khac tao ra 
nhtfng didu kien lam hinh thanh lorn co. Trong qua trinh ddng dac, do hoa tan khi trong kim 
loai giam. Luang khi khdng hoa tan co thd anh hudng den $u ddng nhit cua vat due va lam 
tinh chit cua vat due xiu di. 

Ban chit cua su co la nhtfng thay ddi thd tich cua kim loai khi chuyen tCr trang thai 
long sang trang thai dac va su thay ddi the tich khi co chuyen bien pha (chuyen biin perlit, 
chuydn bien cung tinh). Khi trong vat due xay ra nhtfng thay ddi do, kich thude vat due 
thudng la giam di va gay ra lorn co. D6ng thdi, su thay ddi vd kich thude cung se gay ra ung 
su£t trong vat diic. N£u dua vao quan didm tdng th6 di danh gia kich thude vat diic, thdi khi 
xet d£n nhtfng anh hudng co ban, chung ta phai tinh d£n dong thdi ca su gian nd cua loai 
hap kim sir dung, su gian nd cua khudn due va ca su anh hudng cua hinh dang vat due. 

Co la mot tinh ch£t due quan trong cua kim loai. Khi vat due vdi the tich ban dau V () 
va chidu dai ban diu L () ngudi tCr nhiet dd T 0 d£n nhidt dd T t thdi thd tich va chidu dki cua 
no d nhifct dd tuang urng se la: 



- V 0 [ 1 - ay (T 0 - T|) J (3-1) 

L, = L 0 [ 1 -a(T 0 -T]) ] (3-2) 

Trong do: a v va a - he s 6 co the tich va he so co chidu dai, phan anh mile d6 co tirong 
u’ng cua kim loai khi nhiet dd giam 1° trong khoang T 0 - T,; V, va L A - the tich va chidu dai 
a nhiet do Tj. 

He sd co thd tich lan gin bang ba lln he $6 co chidu dai: a v = 3a. Dieu do duqc rut ra 
ttr phep tfnh gin dung qua trinh co cua khoi lap phuong vdi kich thude ban dau: canh L 0 , thd 
tich V 0 ; sau khi co dac, thd tich cua no bang V,: 

Vj = L 3 , = L 3 o(1 - a) 3 = L 3 () (l - 3a) = V 0 (l - a v ), nhu vly: a v = 3a (3-3) 

Co trude khi dOng dac va co trong khi ddng dac la co the ti'ch se de lai r6 co, r6 ngot a 

vat due. Co sau khi dong die cho tdi khi kim loai ngudi tdi nhiet do phong la co ngan theo 
chi6u dai, lam thay doi kich thude, gay ra urng suit va nut trong vat due. Phln co thd tich cua 
kim loai long trude khi ddng dac cang giam nho clng tdt. Mud'n vly nen rot kim loai a nhiet 
d6 thap. Dung phuong phap rheocasting vua due vira khuay cho phep giam nhiet dd tori muc 
thap nhat, han che duoc qua trinh co. 

Phln co the tich khi dong die tuy thude vao timg hop kim. Dac biet la, gang xam 
khdng co ngot ma lai no ra do co qua trinh tiet graphit, thep va hop kim mau co ngot nhidu. 
He sd' co cua mdt sd kim loai va hop kim cho a bang 3.2. 


Bang 3,2. He s6 co cua mdt sd' hop kim 


Hop kim 

Co the ti'ch khi 
ddng dac; % 

Hop kim 

Co the ti'ch khi 
ddng dac,* % 

A1 

6,6 

70Cu-30Zn 

4,5 

A1 co 4,5% Cu 

6,3 

90CU-10A1 

4,0 

A1 co 12% Cu 

3,8' 

Gang xam 

-2,5 

Thep cacbon 

2,5 - 3,0 

Gang trlng 

4,0 - 4,5 

Thep 1% cacbon 

4,0 

Kem 

6,5 

Dong 

4,9 




Co thd tich se sinh ra r6 ngot (co the tich tip trung) 
hoac xop co (co the’ tich phan tan, co 6 tarn nut nhiet, co 
gifra nhung tinh thd nhanh cly). De khac phuc hien tuqng 
co thudng phai dung dlu ngot, tite la phai them vao vlt 
due mot bo phln de bo sung kim loai cho vat due khi co. 
Hinh 3.7 la thf du vd due thep thoi trong khuon kim loai, 
rot xi-phong co dung dau ngot. 



Hinh 3.7. Bu ngot cho thoi 
thep due. 
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De tranh r6 ngot trong v&t due phai quan tarn tdi cac v&'n d£ ky thuat sau: 

• Vong Iron nhiet va hudng ddng: nguyen tic dong dac la phan kim loai xa he thong 
rot va he thdng ngot phai diroc d6ng dac trude. Neu ve mot vong tron tie'p xuc hai canh theo 
chi£u day cua vat due, then vong iron nay khi lan theo hudng ddng dac, phai co dudng ki'nh 
tang din. 

• Cach dal d&u ngot: dau ngot Iren, dau ngot ben; dung dau ngot phat nhiet hoac dung 
dau ngot co ap luc cang td't. Ty le thanh phim khi due thep thuong la 50 4- 60%, due gang 
75-85%. 

• Cach rot: rot bii vao dau ngot, gang rot chd mong, thep rot chd day, khi rot xi-phdng 
hudng dong kh6ng thuan ldi nen phai rot nhanh. 

• Vat lam ngudi ngoai (gang nguOi) va vat lam ngudi trong (sit ngudi) cung co vai tro 
ph6'i hop tang cudng cho d&u ngot. 

Due thoi theo phuong phap due lien tuc la giai phap tot d£ ch6ng rd ngot cho thoi. 


Hinh 3.8. Due lien tuc thoi thep: 

1- thiing ket tinh; 

2- phun nude lam ngudi; 

3- con lan. 


d . (fng sudt dif, nut vd cong venh 

Noi ling sudt va dug sudt dtt trong vat due khi nguoi sau khi dong dac 

Xet mot vat dang thanh co chi£u day khdng deu nhau (hinh 3.9), bao gom mot phan 
day (D) va mOt phin mong (M). Khi lam nguoi, phan mong ludn nguoi nhanh hon phin day, 
dudng nhiet dd cua phin day D ludn nim tren dudng nhiet do phin mong M. Theo edng thuc 
(3-2) thdi phin day D ludn co chidu dai Idn hon phdn mong M do co nhiet dd cao hon. Vi 
hai phin tren la mdt khdi lidn nen trong qua trinh thay ddi chidu dai cac phin se chiu keo 
hoac chju nen tuy thude vao nhiet dd va trang thai bie'n dang. Co thd chia qua trinh nguoi 
cua chi ti£t thanh 3 giai doan: 

• Giai doan 1 (OA): nhiet dd cua ca hai ph£n ddu cao hon nhiet dd bie'n dang deo; 

• Giai doan 2 (AB): nhiet do phan day cao hon nhiet do bie'n dang deo, nhiet do phan 
mong th&'p hon nhiet do bie'n dang deo; 

• Giai doan 3 (BC): nhiet do ca hai phan thap hon nhiet do bie'n dang deo. Tai nhiet do 


Nude vao 
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chuy£n bien T n , hai thanh day + mong van c6 chi£u dai bang nhau. Ngudi xutfng nhiet do 
thap hon T„, phdn day co nhiet do cao ban nen no co toe d6 ngudi ldn hon ph&n mong, do 
vay chidu dai cua phln day (IQ) giam nhanh hon chilu dai phan mong (IP). Ngudi xudng 
den nhiet dd thuong, chieu dai cua phdn mong se dai hon rat nhieu so vdi phan day. Thirc te 
hai phan nay lai la mdt khoi, nen trong vat due se xudt hien ting suft't. 

Neu ling suat chua vucn qua gidi han thdi chi tiet se chua ting suat dir ben trong. Ndi 
u-ng suat nay ma vuot qua gidi han ben cua vat lieu th&i chi ti£t se bi£n dang (cong v£nh 
thAm chi la ntit). Mdi hop kim co mot nhiet dd tori han, tai do kim loai chuyen bie'n tir trang 
thai bifin dang deo sang bi£n dang dan h6i; vdi gang thep nhiet dd tdi han khoang 700°C, tai 
do noi ting suat co su ddi dau. Trong thirc te, mdt vat due hinh tru dac co the xua't hien v6i 
nut tren bi mat chi tiet, ca nut theo chieu ngang va ca nut theo chieu doc (hinh 3.10). 
hieu dirqc van de nay, co the coi vat due bao g6m hai phdn, phan vo mong co chilu dai L 
ngu6i nhanh va phdn loi day nguoi cham. Theo phan tich o tren thcri phan vo vat due se co 
urng suat nen tire la no ludn bi phdn day co cho ngdn lai va phan loi vat due bi ph£n vo keo 
dai ra, no chiu urng suat keo. Den muc nao do vo vat due se bj nut ngang (ki£u cdt khoanh). 



Hinh 3.9. Su xudt hien ung suat 
trong vat due khi lam nguoi. 



Co th^ hinh dung trang thai ung suat cua chi tiet nhu sau: 


Trang thai 

Kich thude 

Ung suat 

M keo deo 

ngan 

khong co 

D nen deo 

dai 

khong co 

M keo 

ngdn 

khdng co 

D nen deo 

dai 

khdng co 

M nen d.hdi 

dai 

Nen 

D keo d.hoi 

ng in 

keo 
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ting sua't dn t6n tai trong vat due co the gay nguy 
hi£m: ling sua't dir ldn se gay nurt nong, nun ngudi, ling sua't 
du vira se gay cong venh, ung sua't dir nho cung khdng kern 
ph£n nguy hiim. 

Khi dung them tai co thi sinh nut hoac khi cat got 
mdt ldp day do co sir phan b6 lai ting sua't du trong chi tiet 
se sinh cong venh. Thdng thudng, thot thep due trong 
khu6n kim loai duoc dd sdm khi edn nong do, tde la tren 
nhiet dd tdi han. Thf du ve mdt true can due trong khuon 
kim loai d Thai Nguyen de nguoi dudi nhiet do tai han rdi 
mdi do. Ket qua la true can se co ung sua't du 6 be mat. 

Khi dem u khir ung sua't, vi tang nhanh tdc dd nung nong, mat ngoai se cd ling sua't nhiet nen 
tang cudng them vao ung sua't du nen da co, vat due se nurt. 

De giam itng suat du co the sit dung nhibtg biin phap sau day 

• Gifl cho vat due co nhiet dd d6ng d4u khi di qua vung nhiet dd tdi han. 

• U khu urng sua't du co tac dung tang deo, giam ben de bie'n dang. U tha'p hon nhiet dd 
tdi han, d nhiet do khoang 550°C trong 2 + 3 h; u cao lam cho ung suat giam nhieu hon. 

• 0 khir ling sua't bang va dap nhiet. 

• Thdi hieu, de vat due ngoai trdi mot vai nam. 

De giam cong venh 

• Tang luong du gia edng bit cho cong venh. 

• Tao mku cong nguoc. 


+ 


L 


Hinh 3.10. ting sua't trong 
vat due hinh »ru dac. 


Hinh 3.11 

a- Dat vat ngudi ngoai; 
b- Gan de bie'n dang. 




Giai phap thiet ke chong ngot, m'ft 

• Thiet ke' gram ban kfnh ciia nut nhiet. 

• Due can bang toe do nguoi bang cac giai phap he thdng rot, ngot, vat nguoi... thi du 
hinh 3.11a, vat nguoi ngoai se lam tde dd ddng dac gifla canh va vanh banh xe, tranh nurt d 
chan canh. 
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• Thi6t k£ de bi£n dang (hinh 3.11b). Cdnh nan hoa co dang cong de bi£n dang. Khi 
vanh banh xe va moayo co lam cho nan hoa cong 16n ma khOng phd huy chi tie't. 

e. Thien tich 

Thien ti'ch la sir khdng d6ng ddu vd thanh phdn hoa hoc irong v&t due xay ra trong qua 
trinh d6ng dac cua hop kim. Nguyen nhan cua qua trinh nay la su k£t tinh c6 lua chon trong 
hop kim. Tren gian d6 hinh 3.12 dl dang nhdn ra hien tuqng thien tfch. 

Gia su hop kim co thanh phdn ban ddu la x%, khi nhifct dd ha xuong den di£m K, hop 
kim bat ddu ket tinh. Do vat dtfc duqc lam ngudi lien tuc nen thanh phan cac pha ran va long 
thay ddi lien tuc theo duemg dac va dubng long. Day chfnh la nguy£n nh&n gay ra hien tuqng 
khong d6ng ddu vd thanh phan hoa hoc trong vat due dang d6ng dac. Tuy theo tinh chdt va 
dac diem cua qua trinh ma ngucri ta phan thidn rich ra lam ba dang. 



Hinh 3.12. Gian do trang 



ai cua hai dang hop kim. 


1. Thien tick nhdnh cay hay thien tich trong tinh the 

Day la sir kh6ng d6ng ddu ve thanh phdn hoa hoc cua hop kim 6 trong m6t hat tinh 
th£. Phdn phia trong ket tinh trude se gidu cac nguyen to kho chay hon phfa ben ngoai. V6i 
cac tinh th£ dang nhanh cay, true chfnh cua nhanh cdy chua nhieu nguyen 1 6 c 6 diem nong 
chay cao hon phan 6 giua cac true nhanh cay. Nguyen nhan cua no chfnh la sir khu£ch tan 
kh6ng hoan toan cua cac nguyen 1 6 trong qua trinh ket tinh. Boi vay, thien tfch nhanh cay 
khOng chi chiu anh huong cua tinh chdt cua hop kim ma con chju anh hu6ng cua didu kien 
ngu6i. Ngudi chdm se ft thien tfch nhanh cdy. Loai thien tfch nay co the khir bo bdng each u 
d6ng deu thanh phdn, tao didu kien cho khuech tan triet de. 

2. Thien tich ty trong hay thien rich I dp 

Thien tich ty trong la su kh6ng d6ng d£u thanh phdn hoa hoc a phdn tren va phdn dudi 
cua vat due. Nguyen nhan co ban cua loai thien tfch nay chfnh la su khac biet vd ty trong 
cua pha kim loai da ke't tinh va kim loai long con lai. Phdn kim loai long con lai hoac chim 
xudng hoac n6i len ma khOng bao boc ldy cac tinh the vtra ket tinh xong. Kieu thien tfch nay 
rdt dac trung vciri cac loai hop kim d6ng, thf du dong thanh chi, d6ng thanh nhom khi nguoi 
chdm hoac khi due ly tarn. 
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Mu6n tranh thien ti'ch ty trong c6 the dung cSc phirong phdp sau day: 

- Khua’y trOn hap kim trade khi rot de’ lam d6ng d£u thanh phdn. 

- Tang t6'c do nguOi khi ket tinh d£ cho qua trinh thien ti'ch khOng kip xay ra. 

- B6 sung m6t s6 nguyen to di lam cho qua trinh ket tinh xay ra sdm, hoac tao thanh 
mot bo khung xuang ng£n can khong cho cac pha thien tfch lang dong, thf du Cu trong hop 
kim Pb-Sb; Ni trong hop kim Cu-Pb. 

c. Thien tick vitng hay thien tich khu vifc 

Thien tfch vitng la sir khong d6ng deu thanh phan 6 tren ciing mOt tie'i dien cua vat 
due. Thf du tren tie't dien ngang, a tam giiiu nguyen ttf nay va a bien se giau nguyen to kia. 
Thien ti'ch khu vac lai dage chia ra lam hai loai, thien tich thuan va thien ti'ch nghich. Thien 
ti'ch thuan la thien ti'ch ma lugng tap chat tang dan tir ngoai vao tam vat due. Thien ti'ch 
nghich then ngage lai. 

Nguyen nhan cua hien tugng thien ti'ch nay la: 

- Su ket tinh co chon lira 

- Su dich chuy^n cua dung dich long co chura nhieu nguyen t6 de chay giura cac tinh 
the nhanh cay. 

Sg dich chuyen dung dich long chi xay ra khi hap kim ket tinh theo ki£u vitng hai pha. 
Trong trang thai nira long nira dac a'y, cac tinh th£ nhanh cay da lien ket vdi nhau thanh dang 
khung xuong. Do qua trinh co cua pha dac ma bo khung do bi nirt vd, pha long chtia nhieu tap 
chat chiu tac dung cua lire co, se lap tire lap kin ngay vet nut, tao thanh nhQng vet thien ti'ch. 

Dac tinh cua thien tich khu vi/c 

- Kh6ng phai ta't ca cac nguyen t6' d£u gay thien tfch, thi du Mangan tuy co khO'i lagng 
rieng ldn nhung khong gay thien ti'ch trong dura; photpho ra't de gay thien tfch trong thep; 
cacbon, luu huynh va photpho de thien ti'ch trong gang. Luu huynh thucrng tao cac pha sulfit 
nhu FeS va MnS va bi kim loai long day d£n nhung vi tn co nhiet do cao nhu a giOa thoi due 
hay chan dau ngot. Cac phdtphit trong thoi gang cung thudng bi d^y ra phia ngoai vat due. 
Neu ham lagng P qua cao thcri P nam a giu-a cac tinh the d dang cac pha dOc lap, thf du khi 
P = 0,4% thcri no se hinh thanh nhung lorp mong den xung quanh cac tinh th£, nhin vao do ta 
co th£ biet cac hat ban d£u ke't tinh co ki'ch thude nhu the' nao. 

- Khoang dOng va chieu rdng viing hai pha cang ldn, cang nhieu thien ti'ch. 

- Tdc do nguOi cang nho cang de hinh thanh thien tfch thuan, toe do nguoi tang lam 
tang thien ti'ch thuan, d£n gidi han nao do thcri thien ti'ch thuan lai doi thanh thien ti'ch 
nghjeh. Thf du thien ti'ch cua dong trong hop kim nhom due, n£u due trong khuon cat thcri 
xua't hien thien ti'ch thuan, neu due trong khuon lam nguOi bang nude hoac trong khuOn kim 
loai thcri se xua't hien thien ti'ch nghich. 
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f. Rd khi 

Chiu tac dung cua nhiet dd trong qua trinh r6t va didn day khudn, trong khudn cat se 
xay ra cac qua trinh: 

- Sir bay hoi nude, cac cha't long va chat de bay hoi khac cua h6n hop lam khudn; 

- Su gian no khong khi trong cac 16 hOng cua khuOn, rudt. 

NhOng qua trinh do xay ra 6 ldp b6 mat cua khu6n mOt each dong thdi, do v&y ngubi 
ta kho co the khao sat, nghidn cuu mdt each rieng le; nghla la phai xem x6t mOt each tdng 
hop. Su hinh thanh khi phu thude truoc he't vao ham luqng cac chat d6 bd'c hoi (bui than, 
ch4t dfnh huu co) co trong hdn hop lam khuOn va ham luqng nude. Khi ham luqng chat dinh 
va ham luqng nude tang, thdi do thdng khi cua khudn giam va luqng khi hinh thanh tang. 
Di6u do lam tang xu hudng hinh thanh rd khi' trong vat due. 

Kha nang hinh thanh r6 khi phu thude vao quan he giua luqng khi duqc hinh thanh va 
d6 thOng khi cua h6n hop khuon. Khi trong khudn luqng khi duqc hinh thanh ldn hon, thdi 
h6n hop khudn phai co dd thdng khi td't hon de phong tranh su hinh thanh rd khi. Nhung 
nguyen nhin gay ra rd khi trong vat due co the la: 

7. Khi duac hinh thanh tC( hdn hap khuon 

Trong trudng hop do thdng khi cua hdn hop khong td't, thdi ap Iuc cua khi co the dat 
den gia tri lam cho khi di vao kim loai long; nghla la ap luc khi p^ ldn hon ap luc thuy tlnh 
Ps- Qua trinh khi hinh thanh tif khuon tham nhap vao kim loai xay ra theo ba giai doan: 

- Hinh thanh ap luc khi tai b6 mat tiep xuc kim loai - thanh khudn; 

- Khi tham nhap tir be mat khudn vao kim loai; neu dd thdng khi ciia hdn hop td't, thdi 
se lam giam kha nang khi tham nhap vao kim loai long; 

- Hinh thanh bot khi trong kim loai. 

2. Ngiton khi hinh thanh u'fphoi lieu kim loai 

Cac khi (hydro, nito) tan trong kim loai va luu lai trong kim loai va do hoa tan cua no 
giam khi nhiet dd giam. Nhtfng bot khi da tan vao kim loai co the n6i ldn va thoat ra ngoai 
khi ldp vo be mat vat due chua dong dac. Khi ldp be mat da dong dac, toe do n6i cua bot khi 
giam, nhung bot khi con lai khdng thoat ra duqc va gay ra rd khi trong vat due. Luqng bot 
khi luu lai trong kim loai con phu thude vao muc dd khac nhau ve ty trong giua kim loai va 
khi. Ty trong cua kim loai va khi chdnh lech cang ldn, thdi td'c do noi len cua khi cang ldn. 
Do vay, dd'i vdi nhtfng hop kim co khoang ddng dac ldn va ty trong nhd (thi du: hop kim 
nhom due), thdi kha nang hinh thanh rd khi ldn hon. 

g. Cac khuyet tat be mat 

Nhu da trinh bay trong chuong 1, t6n tai cac Id hdng giua cac hat cat ddi vdi hdn hop 
lam khudn cat - cha't dinh. Kich cS 16 hong gitfa cac hat cat co y nghia ldn dd'i vdi qua 
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trinh giai ihich hifcn tuong tham nhap cua kim loai v&o gi&a cac hat c£t tren b£ mat tiep 
xuc khu6n - kim loai. Co ly thuyet cho rang, kim loai bay hoi (kim loai 6 trang thai hoi) 
tham nhdp vao 16 h6ng giua cac hat cat r6i ngimg tu tai do. Nhung thuyd't nay da khdng 
duoc chap nhan bdi hai ly do sau day: thd nha't luong kim loai ngimg tu trong 16 h6ng thdi 
qua nho, chua du de co the gay ra hien tuqng tham nhap kim loai, thur hai la thanh pha'n 
kim loai trong 16 hong lai co cung thanh ph3n cua hop kim dtic. Them nua, ap Iuc hoi 
rieng ph£n cua cac kim loai khac nhau thdi rat khac nhau, cho nen sir ngimg tu theo gia 
thi£t da dua ra la khdng ih£ xay ra. Nhir vay, khi cd sir tiep xuc cua kim loai long vdi 
khudn, viec kim loai co xam nhap hoac khdng xam nhap vao khe ho giura c£c hat cat hay 
khdng con phu thude vao ra't nhieu ydu t6. Thi du, stfc cang be mat kim loai long, cdt ap 
thuy tinh kim loai, tmh chat h6n hop lam khudn. 


-Tac dong cua dp life thuy tmh 


Ap lire can thiet de lam cho kim loai long tham nhap 
vao khudn se xac dinh gidi han giua hai trudng hop tren. 
Do la ap luc can thilt de day kim loai vao cac 16 h6ng giGa 
cac hat cat (d'ng mao dan). tinh toan ap lire do va xac 
minh bang thuc nghiem, vdi mire dd gtin dung nha't dinh, 
nguefi ta co the dung ong mao dan ban kinh r tuong ung 
16 hdng giQa cac hat cat cua khudn duoc dam chat {hinh 
4.13). 


Quan he sau day th£ hien ap luc P z ngun can su tham 
nhap cua kim loai long vao 16 h6ng giua cac hat cat: 

2cr„ cosQ 


P*=- 


Nm 


-2 


Khi Khi 



Long Jong 

Hinh 3J3. Hai trang thai stic 
cang be mat cua kim loai. 


Trong do: a p - siic cang be mat cua kim loai long N/m; 0 - goc th£m uot giua kim loai 
long va d'ng mao dan; r - ban kinh 6ng mao dan, m. 

Da'u (-) co nghia rang, kim loai long lorn xud'ng va cho bi£t kim loai tham nhap vao 
khudn (hinh 3.13). 

Thi du, xac dinh ap luc can su tham nhap kim loai: d'ng mao dan vdi ban kinh 
r = 0,2.10 3 m (khudn co dd d^m chat nho, hat cat co dang c3u dudng kinh d = 1.10" 3 m), 
goc tha'm udt 0 = 180° va o p = 1,5 Nm l , theo phuong trinh trdn ap luc can su tham nhap 
kim loai long P z = 15.10~ 3 N m~ 2 . Ap luc nay tuong duong chi6u cao ap luc cdt nude 1,5 m 
hoac 0,11 torr hoac 0, 214 m cua hop kim vdi khd'i luong ri£ng p =7.10 3 kg m” 3 . 

Ap lire nao da’y kim loai long vao 6ng mao dan? Co the’ dd la ap luc ngoai (thi du: khi) 
hoac ap luc tha'p d phia cud'i cua d'ng mao dan. Trong dieu kidn ap sua't moi trudng, chi rieng 
ap luc thuy tinh cua kim loai cung co Ihi thuc hien duoc chtic nang dd. Dd'i vdi trudng hop 
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nay, c6 the rut ra duoc chieu cao ap luc td'i thi^u h p tuong ting vdi chieu cao cdt kim loai vcfi 
khdi luang rieng p, khi do ap lire thuy tinh can bang v6i ap luc cua sire cang hi mat. Quan 
he sau th£ hien su phu thude cua ap lire thuy tinh vao cac yeu t6: 

Pk = h p pg 

Trong do: h p - chieu cao c6t kim loai, m; p - khoi luong rieng cua kim loai kg/m 3 ; 
g - gia t6'c trong truerng, m/s 2 . 

O <Mn kien can bang: P z = P k , ngucri ta co the rut ra gia tri h p . Chieu cao ap luc h p 
duoc goi la dp life tai han thuy tTnh: 

2a_ cos0 

h r =-*- 

rpg 

Phuang trinh nay cho tha'y rang, doi v6i ciing m6t loai hop kim khi nhiet d6 khong 
d6i, khoi luong rieng va sire cang be mat khdng doi va vdi gia thiet goc tham udt khOng doi, 
th6i kim loai long tham nhap vao cac 16 h6ng (6ng mao dan) cang it, n£u ban kinh 16 h6ng 
cang nho va d6 dim chat h6n hop cang 1cm. Ap luc tori han h p tang ciing do dim chat khuon. 

Khi goc tham udt 0 nho han 90°, nghla la kim loai long tham uot thanh khuOn, then 
kim loai co kha nang tham nhap vao khuon, boi vi luc do ap luc thuy tinh toi han mang gia 
tri am hoac nhu vay thdi kim loai duoc hut vao cac 16 h6ng tren be mat khuOn ma kh6ng cin 
tac d6ng cua ap lire thuy tinh. 

Doi voi nhung kim loai va hop kim co khoi luong rieng nho, thi du: nhtfng kim loai va 
hop kim nhe, nguy co kim loai tham nhap vao 16 hong 6 be mat khuOn la kh6ng Ion, boi vi 
kh6i luong rieng p nho cua nhung hop kim nay lam tang cao gia tri ap luc tdi han. 

Tir cong thirc tren cho tha'y ring, khi sir dung hat cat ki'ch c5 cang nho, thdi kha nang 
tham nhap kim loai cang giam. Doi veri van dc nay, co mdi tuong quan giua mot mat la su 
tham nhap kim loai va mat khac la do thong khi, kich cd hat va nhiet do thieu ket. Thuc te' 
cho thay ro moi tuong quan giua su tham nhap kim loai vao be mat khuon va d6 th6ng khi 
cua khu6n. Co tac gia con cho ring, can phai tinh den anh huong cua ap luc thuy dong den 
su tham nhap kim loai'vao khuOn. Nhu viy phuang trinh xac dinh P k neu tren cin duoc bo 
sung them phin ap luc thuy ddng. Khi chu y den anh hudng cua ap lire thuy dong, phuong 
trinh tren duoc hieu chinh nhu sau: 

p k =ii p p g+p ld 

Tuy nhien cho den nay, ap luc thuy dong chi m6i duoc xac djnh m6t each dinh tinh. 

- Chay cat 

H6n hop cat thach anh Si0 2 + chit dinh la vat lieu lam khuon ph6 bien nha't. Cat thach 
anh nong chay o nhiet dd 16n hon 1700°C, do vay no la vat lieu thich hop duoc dung de ch£ 
tao khuon. Cat thach anh co dac tinh axit, tac dung voi vat lieu baza. Dac tinh nay lam giam 


77 



U'nh chiu nhiet cua no, boi vi luc tac dung v6i vat lieu baza tao nen cac hap ch£t d£ chay, thi 
du: 2Fe0.Si0 2 , MnO.Si0 2 v.v. Oxyt silic Si0 2 kh6ng chtfa nudfc co the ton tai a cac dang 
ihu hinh: thach anh a va P; tridymit a, p va y; cristobalit a va P; thach anh long. Qua trinh 
bie'n drii thu hinh cua thach anh phu thuoc vao nhiet dd: 

870°C 1470 n C ^ . 1710 (1 C 

Thach anh a -► Tridymit a -► Cristobalit a -► Thach anh nong chay 

U573 (1 C At 163°C itl80+270°C 

Thach anh p Tridymit p Cristobalit P 

it 117°C 
Tridymit y 

Nhung mui ten nam ngang th i hien chieu bien d6i thu hinh xay ra chAm trong nhung 
dieu kien dac biet. Nhung mui ten thdng dung th 6 hien sir bien doi thu hinh xay ra nhanh 
trong qua trinh nung nong va nguoi. Cat thach anh p t6n tai d nhiet do thucmg va la loai t6n 
tai phd bie'n trong tu nhien. 

Chay cat la mot dang khuyfit tat a be mat vat due. Chay cat duqc phan lam hai loai: 
chay cat ca hoc va chay cat hoa hoc 

Chay cat ccf hoc duac gay ra do sir tham nhap don thuan cua kim loai long vao cac 16 
hong giua cac hat cat. Nhu vfty co su hinh thanh khung kim loai, cac hat cat nam trong 
nhflng khoang khong cua no. Mi'rc dd chay cat co hoc phu thuoc vao dd lan cua ap lire thuy 
tinh va dd chay loang cua kim loai, nghTa la phu thuoc vao mire do qua nhiet kim loai long. 
Su tang nhiet dd kim loai lam giam do set cua kim loai long va lam tang do chay loang; 
d6ng thefi no lam giam sire cang be mat. Thuc te cho thfty rang, kim loai long dirge qua nhiet 
cao gay ra chay co hoc dc dang hem. Ngoai ra khf duac hinh thanh khi kim loai long tiep xiic 
voi khuon cflng co anh huerng den qua trinh tham nhap kim loai vao khuon. Khi duac sinh ra 
lam giam qua trinh chay cat ca hoc, bai vi khi di vao cac 16 hong va ngan can sir tham nhap 
cua kim loai. Do vay trong mot so trucfng hop, ngufri ta thirdng cho chA't phu gia vao hdn hop 
lam khuon. Tu chat phu gia, thi du: bot than da, khi duac hinh thanh a nhiet dd cao. Doi voi 
nhung ruot co thanh mong, khi tiep xuc veri kim loai long trong thfri gian dai, thoi kim loai 
tham nhap vao thanh rudt rat sail. Do dam chat khuon cang Ion, nguy co gily ra chay cat ca 
hoc cang it hon. Trong thuc te sun xuat due de dat duac chat luong be mat vAt due tot, nguefi 
ta dung vat lieu lam khuon co dd dan nhiet cao, ty nhiet cao va klidi lucmg rieng ldn, nghla 
la khu6n co he s 6 hap thu nhiet lefn. 

Chay cat hod hoc duac gay ra do sir thieu ket va nhirng phan ting hoa hoc giua cac 
oxyt kim loai a be mat va vat lieu lam khuon. Dirtit tac dung cua nhiet, hien tugng thieu ket 
xay ra va lam hinh thanh cac oxyt tren be mat tiep xuc khuon - kim loai, dac biet khi due rot 
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thep hap kim Mn (12% Mn), Trong trircmg hap due rot thep hap kim Mn, MnO tren be mat 
lien ket vdi Si0 2 cua vAt lieu khudn va tao thanh cac hap chA't: 2MnO.Si0 2 c6 di£m nong 
chay 1322°C; MnO.Si0 2 nong chay d nhiet do 1215 n C va 3Mn0.Si0 2 nong chay a nhiet d6 
1200 ( C. N6'u nhu trong h6n hap lam khuon co t6n tai A1 2 0 ? , no se tao ra hap chat phuc tap 
nong chay d nhiet do thap 1060°C. Sir hlnh thanh cac hap chat neu tren gAy ra sir chay cat 
ldn tr£n be mat thanh day cua vat due bAng thep Mn. Do vay, dot vdi thep due hap kim Mn, 
ngufri ta thircmg dung chA't san khudn khong tie dung va khong lien ke't vdi MnO. Do la 
magnesit (MgO). Magnesit dugc dung de lam chat san be mat khu6n hoac vat lieu lam 
khuon (cat ao) cho tnrong hap due thep hap kim Mn. 

Do co tac dung nhiet luc dien day khudn, dd ben h6n hap khuon phai dam bao yeu cau 
sao cho kfch thude vat due khong thay doi trong qua trinh dien diy khuon, dong dac va 
nguoi cua vat due. Tuy nhien, do ben khu6n phai c6 gia tri nho 1 Lie vat due dang co de’ khong 
tao ra su ngan can qua trinh co cua vat due; nhir vay sc tranh dirge hien tugng nut hoac bien 
dang vat due do ting suA't gAy ra. Hai yen cau neu tren trd thanh doi lap nhau, do vAy ngudi 
ta can su dung h6n hap khuon co mot do ben vira du de dam bao dugc yeu cau thti nhat va 
khong gAy ra lire ngan can qua trinh co cua vat due. Khuon tuai co the bao dam ca hai yeu 
cau ndu tren. Vdi khuon kho co the dung h6n hap co su dung them chA't phu gia. Dudi tac 
dung nhiet do vat due toa ra trong qua trinh nguoi, do ben cua h6n hap giam ddn va kh6ng 
gay ra luc can qua trinh co cua vat due. Tom lai, de tranh dugc nhflfng khuyet tat vat due vira 
neu, h6n hgp lam khuon phai ben nhiet va khdng tac dung vdi hap kim due. 

Hien tugng chay cat (thieu ket) tren be mat vAt due co the dugc gay ra do hoac ap lire 
kim loai tac dung len be mat khuon hoac tac dung nhiet va hoa ly giua khuon va kim loai. 
Yeu to quyet dinh doi vdi tat ca cac loai thAm nhAp kim loai vao khuon la nhiet, kha nang 
tfch nhiet ctin khuon vt't tinh chat hoa ly ctia lion hap. Nhu vay, kim loai co nhiet dd nong 
chay va rot cao thudng gay ra hien tugng chay cat va tham nhap kim loai vao khudn. 

Su thAm nhAp kim loai vao cac 16 hdng giua cac hat cat d b 6 mat cua khudn xay ra 
ngay khi kim loai tiep xuc vdi khuon, mac dau luc do ap lire con nho. Tai mot so vj tri cua 
vat due, lap dong dac dau tien co the' lai nong chay trd lai do trong qua trinh di£n day, dong 
kim loai long chay qua nhirng vj tri do vdi thdi gian lAu han. Nhirng vj tri nay phai hA'p thu 
lir dong kim loai mot lugng nhiet ldn han, dugc nung nong tiep va dong dac cham lion. Nhiet 
do dugc tang len lam cho kim loai tham nhap tiep vao 16 hong de han khi ap lire thuy tinh 
dat gia tri tdi han. 

De' giai thich qua trinh hlnh thanh chay cat ca hoc, co the khiio sat cac dinh nhon cua 
khu6n va rudt nhA'n chlm trong kim loai long, Hlnh 3.14a the hien giai doan ddu cua qua 
trinh d6ng dac, mot ldp kim loai ket tinh each deii hi mat khuon d phan khuon nho vao kim 
loai. Tai phan nay, kim loai khong the nguoi du nhanh nhu d vj tri khac. Do vAy, be day ldp 
kim loai da dong dac tai do giam lien tuc (hlnh 3.14b). Ket qua la tai phan khuon nh6 ra. 
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kim loai da ddng dac lai dirge nung nong va nong chay, mat dang nhiet cua thdi didm dau 
ti^n sau v£o phan khudn nhd ra (hinh 3.14c). Tai dinh goc trong nay, hdn hop bi lac dung 
nhiet lau hon va xay ra sir ch£y cat. 


Kim loai long 

777T~ 


a)' . 




Hinh 3.14. Su hinh thanh chay cat a goc khudn, ruot. 

Do nhiet dd cua khuon thap, khi kim loai long tia'p xuc khuon thdi qua trinh tham 
nhap kim loai vao 16 hdng giam theo hudng vao phia trong cua khudn. Khi spi kim loai long 
trong ong mao dan da dong dac, thdi qua trinh th&m nhap cua no vao khudn se ngimg. Tai 
ph£n dudi cua khudn va dac biet a nhirng vj tri co dd dim chat nhd, chieu dai soi kim loai 
long chay vao 16 hdng cua khudn thudng la ldn nhat. Be mat vat due thudng bi san sui d 
nhung vi tri tiep xuc vdi khudn co hat cat vdi kich cd tho to. Tuy nhien, khi vat due ngudi 
cang nhanh thdi be mat vat due cang bong dep, bdi vi trong didu kien do kha nang tham 
nhap kim loai vao Id hong giura cac hat cat giam di. Khudn nguoi hoac khudn co kha nang 
rich nhiet ldn se lam cho bd mat vat due ngudi nhanh. 

De lam giam sir chay cat hoac su tham nhap kim loai vao khudn va de tao dupe vat 
due co chat lupng be mat lot, ngudi ta co the ap dung ba bien phap sau: 

- Lam tang kha nang rich nhiet cua khudn d nhung vi tri de gay ra chay cat. 

- Thay ddi ket ca'u cua vat due, hail che den mi'rc toi da cac goc trong va Id hdng trong 
chi tiet due, d nhung vi tri ma su toa nhiet (thoat nhiet) khong xay ra de dang. 

- Lam giam dd xdp (Id hdng) d be mat khudn, ruot bang each sir dung chat son khudn 
thich hop. 

Dd'i vdi bien phap thur nhat, da va dang co nhieu cong trinh nghien ciru dupe ting dung 
trong thuc te. Thi du, d nhirng vi tri ciia khudn, ruot chju tac dung nhiet ldn, thdi co thd sir 
dung vat lieu cat magnesit hoac crommagnesit. Khi che tao nhung vat due gang xam, co thd 
dung vat lieu lam khudn cd trdn them gang vun. Trong thuc te' hien nay, vat lieu lam ngudi - 
sat ngudi - duoc sir dung nhieu dd lam tang toe do nguoi tai cac vi tri khudn, rudt chiu tac 
dung nhiet ldn. Sat ngudi co the dat trong hoac ngoai. 


80 



Sat ngudi dat ngoai la sdt nguoi dirac dat vao phdn khudn, rudt. Sat nguoi dat trong la 
sat ngudi dirge dat vao 16 hong khuon va sau khi dong dac no se ndm tro thanh mdt phan vat 
due. Khi su dung sdt nguoi dat trong, cin phai lam sach be mat va say nong khd de be mat 
cua no d£ li£n k£t va hoa tan vao hop kim due trong qua trinh dien day khu6n. 

Doi vdi bien phap th.tr hai - thay doi 
ket cdu vat due- thefi edn phai co su cOng tac 
chat che giua ngudi thg due va ngudi thiet ke 
chi tict may. Hinh 3.15 thi hi£n sir thay doi 
ket cau chi tid't due cho phu hop voi cong 
nghe due de lam giam kha nang chay cat. 

Khi tfnh toan va thiet ke he thong rot, ngudi 
ta edn chu y di sao cho kim loai long khong 
chay vao mot ch6 nhat dinh qua lau va 
khong lam qua nhiet cac vi tri co nut nhiet. 

Bien phap thu* ba hien dang dugc chu y nhieu 6 VietNam. Neu chi dimg lop son don 
gian vao be mat khuon, rudt thdi chua phong tranh dugc chay cat va sir (ham nhap kim loai 
long vao cac 16 hong tren be mat khuon. Khi cat lam khuon co kfch c5 th6 to, thei can tien 
hanh lop son day thi'ch hgp. Trong xuong due, h6n hop son khu6n rudt tot nhal la h6n hop 
khdng chua nude. Do la hdn hop son khuon rudt dl bat lira, thi du: dung dich rugu cua nhua 
phenol. 

- Rd cat 

R6 cat thudng th^ hien 6 be mat vat due va dugc nhan bi£'t khi tren be mat co nhung 16 
nho trong do co chua nhung hat cat. Rd cat hinh thanh do sir bao mon thanh khuon boi tac 
dung cua dong kim loai long va buc xa nhiet. Sir bao mon thanh khuon xay ra chu yeu trong 
he thong rot. Thanh khuon bi xoi mon do do ben cua h6n hop kern, do d^m chat khong du. 
Do vay, dong kim loai long dl cudn hat cat ra khoi be milt khuon trong qua trinh dien day. 

Tang do ben cua h6n hop lai lam giam dd thOng khi cua khudn. Nhu vay, de dam bao 
ca hai y£u t6' do ben h6n hgp va dd thOng khi cua khu&n, can chu y den vide xac dinh thanh 
phan cua hdn hop lam khuon cho hop ly. 

Ngoai ra can phai chu y den kha nang dam chat cua vat lieu lam khudn, boi vi neu vat 
lieu co kha nang d3m chat tot, do d6ng d£u cua h6n hop lam khudn trong loan bd khudn se 
dugc dam bao. Khi moi goc canh cua khudn deu co dd dilm chat toi thi^u, vide bao mon 
thanh khudn do dong chay kim loai gay ra se giam di dang ke. 

Tom lai, khi dd b6n cua hdn hop lam khudn kem va co su tac dung cua buc xa nhiet 




Hinh 3.15. Di£u chinh ket ca'u chi tiet de 
giam kha nang chay cat 
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lam gian no cat, thdi kha nang hinh thanh r6 cat de xay ra. Do vay, d£ phong tranh rd cat, 
ngudi ta thudng chu y den nhtfng bien phap sau: 

- Xac dinh dung thanh phdn cua h6n hap lam khuon, cdng nghe trdn hap ly. 

- Su dung khuon kho. 

- He thong rot phai hap ly, sach, dam chat du yeu cdu, lam tron goc, canh va c6 bien 
phap phong tranh hien tugng chay roi khi kirn loai long chay vao khudn. 

- Sir dung loai chat son khudn chat luang cao: son ben va tdt. 

- Vung ngung tu 

Trong qua trinh dien day 
khudn, phin be mat cua khuon nhan 
h^'p thu nhiet cua kim loai long. Do 
bi nung nong, be mat khudn dirge 
sa'y nong den mure nude bd'c hoi roi 
ngung tu ben trong khudn, each be 
mat khudn vai milimet. Nhu vay, 
ben trong b£ mat khudn vung ngung 
tu dugc hinh thanh (hinh 3.16). 

Ngufri ta chia thanh khudn, ki tir b& 
mat tiep xuc, thanh bon vung khac 
nhau ve do am: 

- Vung 1: nhiet do giam tu 
cue dai den 100 (, C. Viing nay co dd 

bang khong. 

- Vung 2: day la vung ngung 
tu, nhiet do trong vung 2 la khong 
ddi (100°C), do am dat gia tri cue 
dai. Ve ly thuydt, theo chieu xa dan b 6 mat tiep xuc, dd thay ddi tir gia tri ban d£u de'n 
cue dai rdi lai giam ve gia trj ban d3u. Phan dau cua vung nay co nhiet do lOO^C, sau do 
nhiet do giam dan. 

- Vung 3: trong vung nay, nhiet dd va do am giam din ve gia tri ban dau. 

Nd'u dd thong khi' cua khudn kem, hai am kho co the thoat ra ngoai. Trong trudng hap 
nay, luang im bd'c hai bang do am ngung tu, nghia la F, = F 2 (hinh 3.16). Sau mot thcri gian, 
dudng cong do am dich chuyen sang ben phai, toe do dich chuyln cua no chmh la toe do 
dich chuyen cua vung ngung tu. Nhu vay, chieu rdng cac vung 1, 2 lan dan len trong khi do 
chieu rong vung 3 giam dan. 



Khoang each tir be mat vat due 



Hinh 3.16. Vung ngung tu trong khudn cat tuoi. 
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3.4. THIET Kt CONG NGHE 

3.4.1. Chon mat phan khudn, each bo tri vat due, lie thong rot, ngot, hoi trong khuon 

Mat phan khuon la mat phang hoac khdng phang c6 tac dung phan chia vat due thanh 
cac phan khac nhau, dd lam khuon va mau, Trong qua trinh lam khuon, mat phan khu6n se 
la hi mat phan chia cac khudn tren va dudi. Mat phan khuon dirge lira chon theo cac nguyen 
tac sau day: 

- Nhtfng phan quan trong cua vat due ndn dat d khudn dudi hoac it nhat cung la a phfa 
thanh cua khudn due de dam bao chat lirgng. Ret cau vat due trong khudn phai dam bao 
hircPng dong thuan leri de’ tranh rd co, ngot va dac bidt phai thuan lgi cho vice dat ruot. 

- Vi tri cua vat due trong khudn phai dam bao cho bd mau don gian, l't mid'ng rdi, ncu 
la miu nguydn cang tot. 

- Chi nen thi£t ke mot mat phan khuon, mat phan khudn dan gian nhat la mat phang va 
trung vdi mat phan mau. 

- Han che thiet k€ mieng rdi, trong trudng hap lam khudn tren may, phai thay th£ 
mid'ng roi bang ruot. 

- Mat phan khudn phai dam bao chieu cao hai nua horn khudn phai nho nha't. 

3.4.2. Thiet ke indu va hop ruot 

Mau va hop rudt co the lam bang gd khi san xuut loat nho hoac bang kim loai khi san 
xuat loat Idn. Rich thirdc cua mau va hop rudt khac han so vdi kich thirdc cua vat due vi con 
phai tinh den cac loai co ngot cua kim loai, lugng dir gia edng, luang du danh dong mau, 
gian no cua mau khi gap nude (mau gd). Khi thiet ke ruot dac biet phai luu y den khe hd dau 
gac ruot va hd thd'ng thoat hai cho ruot. 

3.4.3. Ti’nh toan he thong rot, he thong ngot, thoat hoi 

Trade hd't phai xac dinh thdi gian rot hop ly, lure la thdi gian rot dam bao cho kim loai 
dien day hoan toan vat due. Thdi gian rot hop ly duoc tinh theo: 

t = (3>/sG ; giay 

Trong do: p - hd so phu thude vao vat lieu (cho trong sd tay due); s - chieu day trung 
binh cua vat due mm; G - kho'i lugng vat due ke ca he thong rot, ngot (kg). 

Thiet dien ranh dan: F min =- _ ; cm 2 

OJljL^.t 

Trong do: G - khoi lugng vat due kd ca he thong rot, ngot, kg; p - he so' trd luc chung 
cua khudn (tra bang); h, b - cot ap thuy tinh trung binh cua kim loai long, cm; t - thdi gian rot, s. 
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Thiel dien ranh loc xi F x ong rot F R duqc chon nhu sau: 


Vai gang: 

Fa : F x : F R = 1 : 

: 1,2 : 1.4 

V6i thep thanh mong: 

F d : F x : F R = 1 : 

M : 1.2 

VAi thep thanh day: 

F d : F x : F R = 1 : 

: 1,05 : 1,1 


Ngay nay da co nhung phirang phap thiet ke' he thong rot theo kieu cao ap va thap ap 
ma nguyen ly cua chung khac hin vcri nhtfng tinh loan neu a day. 

D&u ngot vat due thircmg thiet ke cho vat lieu thep, gang deo, gang cau va cac kim loai 
mau. Nguyen ly dal dau ngot la phai dua vao vong tron nhiet va cac nut nhiet co tren ban ve 
chi tiet. Neu vong tron nhiet tao hirong dong thuan lqi, dau ngot dirctc dat d vi tri cao nha'i. 
tren vat due. Neu vong tron nhiet kh6ng tao huong dong thuan loi thefi dat dau ngot 6 nhung 
noi co nut nhiet bang cac loai dau dac biet nhu di)u ngot ngam, dau ngot ben suc/n... 

Dau hoi la he thong thoat hoi trong hoc khu An nen no phai duoc dat d chA cao nhat 
cua vat due. 

3.4.4. Che do nhiet luyen vat due 

Trong qua trinh dong dac, trong vat due luon tdn tai urng suat du. Nhiet luyen la cac 
phuong phap de khu urng suat du hoac nh£m cai thien tinh chat cua vat due. Nhiet luyen vat 
due bao gom thai hieu, u khu urng suat, u khu trang, nhiet luyen gang deo, nhiet luyen gang cau. 

3.4.5. Due Ihu va lap phieu cong nghe 

Sau khi thiet ke cong nghe phai tien hanh che thu de bA sung va hoan thien qui trinh 
che tao, di den hoan chinh cong nghe bang mAt phieu cong nghe. Trong phieu cAng nghe, co 
ghi day du cac thong so ve: h6n hop lam khuon va tinh cha't; thanh phan kim loai va cong 
nghe n£u luyen; nhiet dA va thai gian rot; bo mau va each chc tao; kich thudre he thong rot, 
ngot; cac loai ma dQ va qui djnh bac thq lam khuon. 

3.5. MOT SO PHITONG PHAP DlJC DAC BI$T 

San xuat due thu cAng dung khuon dat, khuon cat, khuon ban vmh cuu, khuon kim 
loai. San xuat tren day truyen lam khuAn khAng hbm dung day truyen Disamatic (khuAn 
dtfng), hoac day truyen khuon khong hom B&P (khuon nam ngang). Cung co cac may lam 
khuon va day truyen lam khuon co hom va cac thiet bj co khi hoa cac cAng doan khac nhu 
trAn cat, pha d5 khn6n, lam sach vat due. 

a. Due dp luc thd'p (hinh 3.17) 

Kim loai duoc nau chay trong noi va dat trong thung kin. KhuAn due thong vdri be’ 
long kim loai bang mAt A'ng dan dac biet. Khi cap khi nen vao trong thung km, ap suat khi 
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nen tac dung len be mat thoang kim loai long, day kim loai dang len va dien d£y khudn due. 
Ap xua't khi nen phai du ldn de’ thdng cdt ap tTnh cua kim loai long tir mat thoang de'n dinh 
khuon va trd lire dong chay trong d'ng dan va trong khudn. Thdi gian thdi khi' nen phai u'nh 
toan chinh xac sao cho khi dung thdi khi nen, toan bo kim loai long trong ong rot phai chay 
het ve be long. Sau khi lay vat due ra khoi khuon, ong dan kim loai long phai thong su6't cho 
chu ky due sau co th£ tie'n hanh thuan loi. 


Kep khudn Kep khu6n 



Hinh 3.11. Due ap lire tha'p. 


Nira Nira 



Hinh 3.18. Due ap luc cao. 


b. Due dp luc cao (hinh 3.18) 

Rot kim loai long vao xilanh bu6ng ep. Piston day kim loai vao khudn vdi m6t td'c dd 
rat ldn. Duy tri ap lire nay trong mot thdi gian thi'ch hop de kim loai ddng dac. Khi ket tinh 
dudi ap luc, td chuc kim loai rat nho mjn. Bang phuong phap nay, co the due nhung vat due 
rat mong nhung kha nang 

dien d^y rat td't va rat ro net. Khudn Ao khudn 

Ky thuat due ap lire cao dang 
duoc trie’n khai rat rdng rai 
trong edng nghiep dtd, xe 
may. Nhung va'n d6 co ban 
cua edng nghe nay la nhiet 
do rot khudn, ap luc ep, ca'u 
tao khudn, thdi gian ep... 

c. Due ly tain (hinh 

3.19) 

Khudn kim loai co th£ 
co hoac khong co ldp ao 



Ilinh 3.19. Due ly tarn d'ng gang. 
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khudn, quay vdi mdt t6c dd xac djnh. Rot kim loai long vao khudn dang quay, dudi tac dung 
cua luc Iy tarn, kim loai long vang ra thanh khudn va ket tinh tai do dudi mdt lire lytAm. Mat 
khac, do td'c dd chuye’n ddng khac nhau ma ldp kim loai chua ke't tinh se truot tren be mat 
kim loai da ke't tinh, lam gay vun cac tinh the nhanh cay da hinh thanh, s6' tarn m&m hinh 
thanh nhi£u hon nen t6 chirc kim loai sit chat hon. 


d. Due mau chay (hinh 3.20) 
Trudc he't che' tao mau bang 
parafin. Sau do boc xung quanh 
mau nay bang mot ldp vo khuon 
bang vat lieu chiu lira. Tiep theo, co 
the’ nung, phun ludng hoi nong hoac 
nhung khudn nay trong nude sdi, 
parafin se chay ra ngoai de’ lai hdc 
khudn co hinh dang gid'ng het nhu 
chi tie't can due. Nung khudn den 
nhiet dd cao rdi rot kim loai long 
vao khudn, se thu duoc vat due. 



Hinh 3.20. Due mau chay. 


Cdng nghe nay thudng ap dung de’ due nhung vat due chrnh xac. Vat due kfch thude 
nho se duoc tao thanh timg chum de’ nang cao hieu suat su dung kim loai long. 
e. Due mdu chay (hinh 3.21) 


Miu va he thong rot bang polystyrol (PS) duoc bao phu bdi khd'i hdn hop lam khudn 
hoac la khd'i cat rdi. Ne'u khudn la khd'i cat rdi phai co bo phan tao chan khong trong khudn 
de’ lien ket cac hat cat lai vdi nhau. Rot kim loai long vao khudn. Kim loai long di den dau, 
mau bi tieu huy de'n dd va tao thanh khi thoat ra ngoai. Cud'i ciing, kim loai long thay the' 
hoan toan mdu. Vat due duoc hinh thanh. Trong trudng hop nay, khudn phai co dd thong khi 
du ldn de’ toan bo khi sinh ra trong qua trinh chay cua mdu, thoat qua. Td'c do rot phai hop ly 
de’ kim loai long dien day khudn, ddng thdi san pham chay phai thoat theo dong chay ma 
khdng d lai trong vat due. 

/. Due dap long (hinh 3.22) 

Kim loai long da duoc dinh luong va rot vao khudn da sa'y. Khudn tren cung la chay 
ep, tu tir dong lai va ep kim loai long cho den khi kim loai ddng dac hoan toan. Do kim loai 
duoc dinh luong chinh xac, khudn didn ddy tu tir, lire ep cao nen vat due khdng co rd xd'p, co 
ngot, td churc kim loai sit chat va nho min. 
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Chuang 

GIA CONG BIEN DANG KIM LOAI 


4.1. KHAI Nl£M VA PHAN LOAI 

Gia cong bien dang kim loai thirc cha( la loi dung tinh deo de lam lhay doi hinh dang 
cua san ph&m nho lire tac dung thdng qua dung cu va khu&n. Ngoai luc la yeu 1 6 ca ban 
trong gia c6ng ap lire, no gop phSn tao ra hinh dang cua vat the va qua do ma vat the co co 
tmh cao hon, lam giam luong tieu hao nguyen lieu. 

Nhiet do \h yeu to quan trong trong gia edng ap lire. Nhiet do cao lam tang tmh deo 
cua kim loai, lam cho vat li6u d6 bi6'n dang, trd lire bien dang nho, giam c6ng bi6'n dang. 

So vdi due, gia c6ng bi6'n dang tao ra san pham co do b6n cao hon, chju lire tot hon, 
do chfnh xac, d6 nhln hi mat t6t hon, tiet kiem kim loai va nang suat lao d6ng cao hon 
nhimg Lai can thiet bi phtfc tap va dat lien. 

Cac each phan loai gia c6ng bien dang kim loai: 

• Theo nhiet d6: co hai loai, bien dang nong va bien dang ngu6i. Bi6n dang nong la 
bi£n dang ma nhi6t d6 bi6'n dang cao hon nhiet do chuyen bien. Bien dang ngudi la bi6n 
dang ma nhi6t d6 bi6n dang tha'p hon nhiet do chuyen bien. 

• Theo trinh tu: bi6'n dang thd (gia cbng ban ddu dl tao phoi) va bien dang tinh (gia 
cOng thd cap de tao ra san pham co hinh dang theo y6u cdu). 

Thi du, doi vdi cong nghe can kim loai, trude tien phai can thd r6i mdi d6'n can tinh, 
ren tho tu thoi ra phoi roi moi ren tinh ra san pham. Ngay nay da co phuong phap bao g6m 
ca hai nguyen cong gia cong tho va gia cong tinh, thi du: ep chay ngay ra san pham. 

• Bi6'n dang khdi: la bi£n dang ddi vdi cac chi tiet co ti 16 (be mat / th6 tfch) nho; bien 
dang nay nham giam chieu day san pha’m. 

• Bien dang tarn, la: la bien dang vdi san pham co ti le (be mat / the ti'ch) ldn. Bi6'n dang 
kieu nay nham thay d6i hinh dang bang khudn dap. N6'u khi gia cong ma hinh dang cung 
nhu chieu day chi ti6t cung d6ng thdi thay ddi, chi tiet chiu trng suat phuc tap, de sinh nut. 

4.2. NHtfNG NGllYfiN L? BIEiN DANG KIM LOAI 
4.2.1. Dirorng lirng suat - bien dang 

Gia edng ap luc kim loai la qua trinh lqi dung hi6n ttrong bi6n dang deo de thay doi 
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hinh dang cua san pham. Qua trinh biin dang lu6n cin cdng, khoang 5r 10 % cdng cin 
thi^t dung cho biin dang dan h6i, con lai dung 6i sinh nhiet. 

Khi keo mdt don tinh the, dudng biiu diin quan he giOa lire k£o P va mure dd biin 
dang A1 goi la dudng cong tfng suit - biin dang (hinh 4.1 a). 

- Khi tang din luc keo, tren miu thu se co ba giai doan bien dang: Ban diu la biin 
dang dan h6i. Day la bien dang ma sau khi khu bo tai trong, vat co the se tro vi trang thai 
ban diu. Tiip theo la biin dang deo: giai doan biin dang ma sau khi khu bo tai trong, vat 
kh6ng the tro vi trang thai ban diu ma co biin dang du vinh viin va kem theo biin cdng. 
Cud'i ciing li bien dang phi huy. 



Hinh 4.1. Biiu d6 dng suat bien dang: 

a- bieu dd dng suat - bien dang cua don tinh thi; b- ting suit bien dang cua thep cacbon. 

- Khi gia tri luc keo P edn nho, doan OA, hinh 4.1a, thanh kim loai chi biin dang dan 
h6i, nghla la niu khu tai thi thanh tro lai chiiu dai nhu ban diu. Khi luc tac dung dat gia tri 
P a , kim loai bien dang deo va chay dai, nghla la, luc khdng tang nhung kim loai vin biin 
dang. Niu khu tai, thanh kim loai co chieu dai ldn hon chiiu dai ban diu. Nd da co biin 
dang du. Tang luc keo, thanh kim loai se tiip tuc gian dai, tiep theo la co that vi bi durt 
(pha huy). 

- Ung suit gidi han dan h6i (yield strength), dd bin keo (tensile strength), dd cdng 
(hardness) va 66 dao moi (creep) cua mot vat lieu co moi quan he mat thiet den dudng cong 
img suit biin dang cua vat lieu. Dd'i vdi cac biin dang nho, djnh luat Hook ip dung cho ting 
suit va biin dang la ti le vdi nhau va dudng biiu dien moi quan he ting suat - biin dang la 
tuye'n tinh. Biin dang trong pham vi nay la bien dang dan h6i: 

o = Ec l 

Trong do: o - ting suit keo, N/m 2 ; E - modun dan hdi, N/m 2 ; e L - mtic bien dang; 
e = Al/L {) . 
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Khi c6 ting suit keo, vat liau dting thtii chiu biti'n dang dai e L va biti'n dang co that 
e d = Ad/d () vtii d {) la duting kinh ban dau cua day. 

Hti sti Poisson duoc dinh nghTa: v = - — 

e d 

Dau trti cho thay khi vat lidu co ngang thi no dting thcfi phai gian dai va ngucfc lai. Dtii 
vtii hiu het cac vat lieu, v la hang sti trong pham vi dan h6i va co gia tri tir 0,25 •*- 0,35. 
Trong cac truting hop cue diem nhu btitting gia tri Poisson la 0,1 va cao nhat la 0,5 doi vtii 
cao su. Gia tri 0,5 la gia tri cao nhat co th£ co. 

- Trai vtii cac ting sua'i thing goc tao ra su gian dai cung vtii co ngang kern thco su 
thay d6i the rich, ting sua't truot (thi du sir xoin 6 than vat lieu) tao ra su thay dtii hinh dang 
nhimg khong kern theo su thay dtii thti rich. Trong truting hop nay, dinh luat Hook duoc viti't: 

t = Gy 

Trong do: t - ting suat tiep; y - biti'n dang truot khting thti nguyen; G - modun dan hoi 
truot. Gitia modun dan h6i E va modun dan h6i truot G co mtii quan he nhu sau: 



- Nti'u tac dung ting suat bien dang lap di lap lai nhieu lan se xua't hidn hitin tuong hoa 
ben. Sau lin bien dang deo thti nhat, khu bo luc tac dung, vat khting thti tro lai trang thai ban 
diu, ttic la gitii han dan hoi cua vat da tang ltin. Lin dat tai sau, luc tac dung phai ltin hon 
lin trutic, chi tiet khti bien dang deo hon. Do chfnh la hien tuong hoa ben hay con goi la 
bitin cting. 

4.2.2. Co che bien dang 

Keo mot soi day cao su hay mot khti'i thuy tinh ran, khi nha tai, vat tro lai trang thai 
cu, diy la vat dan htii. Keo mot tap hop cac tarn kinh ap sat mat theo phuong song song vtii 
mat phing cua ta'm kinh se co hitin tuong truot so le cac tarn kinh va khi nha tai cac ta'm kinh 
khting tro lai vi tri ban diu, day la hlnh anh cua biti'n dang deo. 

Xet mot don tinh the, khi tac dung mtit luc keo, biti'n dang se xay ra theo co che' truot 
doc theo nhung mat truot (la mat co mat dti nguyen tu ltin). Kim loai co he sti' truot cao chi 
tinh deo cua kim loai se ltin va cang dti bien dang. Kim loai mang lap phuong ditin tam co hti 
sti sip xep la 12 ntin co do deo cao hon mang luc giac he so sap xtip la ba. Khi tac dung luc, 
lech cung di chuyen va tritit titiu nhau ntin ting suit biti'n dang thuc te tha'p hon ly thuyti't. 

O da tinh thti, biti'n dang lam cho lech di chuyen va duoc nhan ltin hang tritiu ltich 
nhung ban than cac ltich lai tuong tac lan nhau. Hien tuong tang sti luong va mtic dti ltich 
lam cho kim loai bi bitin cting. Khi mat do ltich tang qua gitii han cho phep se din ttii hitin 
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tuang bie'n dang qua, gay nut. Vi du, vo dtd c6 hinh d£ng phtic tap khi dap rat de sinh nut. 
Kim loai da tinh th^ khi chua bie'n dang c6 tmh dang hudng gia. Nhimg mat truot trong cac 
hat khac hudng nhau dong thdi co su quay mat trugt va phuong truot, nen sau khi bien dang 
deo, bien dang du cung khong deu. Truqt se dirng lai a vung bien gidi hat, mud'n truqt tie'p 
phai tang luc tac dung lam bien gidi hat bi pha vo, tao nhieu hat nho, do ben se tang len. 

Tom lai, sau bien dang deo trong chi tier thudng t6n tai tirng sua't du. Su xua't hien cua 
ung su£t du do cac nguyen nhan chfnh nhu: nguyen tu dich chuyen, mang bi xo lech nhieu, 
tai nhtfng vung do co nang lugng ldn se can trd chuyen dong cua lech va lam giam tmh deo 
cua kim loai, lam tang do ben, tang gidi han chay, tang gidi han dan hoi, con dd deo 8 va dd 
co thdt \jy lai giam, kha nang cdt got cung kern. Muon bie'n dang deo ti£p, c2n u d^ phuc hdi 
lai ti'nh deo. 

4.2.3. Su ket tinh lai cua kim loai va hop kim 

Sau bien dang deo, do bi bie'n cung cho nen kim loai rat kho bien dang tiep theo. Neu 
tiep tuc bie'n dang, kim loai raft de bi durt. Muon bien dang tiep kim loai can phai giam do 
ctfng va phuc hdi lai tinh deo. Co the phuc h6i lai tmh deo bang cac each sau day: 

Nung phuc hoi: Nung 6 nhiet dd thap hon nhiet do ket tinh lai, khi do cac nguyen tu 
co kha nang khue'ch tan cao hon va co kha nang rat de dang quay ve vi tri can bang, khac 
phuc nhOng sai lech bd phan trong mang tinh the. Cac hien lugng ti£p theo la: 

• Lech se di chuyen, tren dudng di chuyen lech trai dau gap nhau va triet tieu lan 
nhau, lam giam mat do lech. 

• Mat do lech giam di lam cho ung sua't du ciing giam; dd b£n, do edng giam mot 
phdn, nhung tinh deo chua dugc phuc hdi hoan loan, 

• T 6 chirc te vi chua thay ddi vi chua co qua trinh tao hat mdi. 

Ket tinh lai: Nung chi ti£t tdi nhiet dd ket tinh lai va giu nhiet trong mdt thdi gian. 
Dudi tac dung cua nhiet do, trong kim loai se xay ra cac hien tugng sau day: 

• Sinh mam va phat trien mam tuang tu nhu khi ket tinh nhung 6 day la ket tinh 6 
trang thai ran. Chi co nhOng mam co ki'ch thude ldn hon kich thude tdi han va co 
hudng phat trien thuan lai mdi co kha nang phat trien thanh hat kim loai. 

• Mam tao thanh d vung tap trung mtfc do sai lech mang ldn nhu vung tinh gidi, 
vung mat trugt, Idp be mat. 

• Bien dang mdc do ldn se tao nhieu tam mdm ket tinh. 

• Phuong mang cua m£m co quan he nhat dinh vdi phuong mang cua vimg tinh the, 
noi no dugc sinh ra. 

• Nhiet do ket tinh lai theo nhiet dd tuyet ddi (Kenvin) tinh theo: 
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T ° KTL = 0,5 nhiet do nong chay vcri hop kim la dung dich ran; 


= 0,7 4 0,8 nhiet dd nong chay v6i hop kim c6 kim loai kho chay; 

= 0,4 nhiet do n6ng chay, v6i kim loai nguyen cha't ky thuat; 

= 0,2 nhiet d6 nong chay, vcri kim loai nguyen cha't tuyet dO'i. 

Ket tinh lai Ian mot : Ke't linh xay ra d nhihig viing c6 hang luong thoa man cac di£u 
kien n6i tren. Trong kim loai xuSt hiOn cac tarn m£m cua nhung hat mcri khOng chura nhung 
sai lech mang do bi£n dang deo da gay ra. NhGng tarn m£m nhy 16n len va cho ta to chtic 
mdi vdi trang thai nang luong th£p nha't g6m nhung hat d£u true khOng chura sai lech mang. 

Ket tinh lai Ian hai : Day la qua trinh hat mcri lorn len co chon loc, hat nho hoa tan vao 
hat 1dm lam cho nang luong cua he giam (co che' hat lcrn nutft hat be). Tiiy theo ch£ do nung 
ma dO hat cua kim loai se to hay nho: nhiet do cang cao hon nhiet do ke't tinh lai, thori gian 
giu nhiet cang lau thi hat cang de Ion. B&i vay. ke't thuc gia c6ng ap lire khOng ndn dung lau 0 
nhiet do ket tinh lai lan hai vi se lam cho hat kim loai trd nen thO to, giam co tinh cua chi tiet. 


Nhtfng nghien curu ve anh hudng cua mure do bie'n dang den dO hat cua kim loai (hinh 
4.2) cho thay, luong bie'n dang qua 
be, khoang (1 + 2)%, sau ke't tinh 
lai to chirc hau nhu khOng co thay 
doi ki'ch thude cua hat ke't tinh. 

Lupng bie’n dang trong khoang tori 
han (2 4- 8)% thi qua trinh nuo't hat 
xay ra rat manh lam hat moi rat to. 

Trong thuc te', khOng nen bie'n dang 
kim loai vdi mure do nho rdi dem 
nung ket tinh lai. Nen tie'n hanh gia 
cOng bie'n dang khoang 15 4 20% 
thi sau khi ket tinh lai kim loai se 
co dO hat nho, co ti'nh tot hon. 



4.2.4. Cac tinh chat kim loai lien quan toi bien dang deo 


a. Tinh deo 

Khi chju lire tac dung, vat lieu gion se pha hiiy khong co bie'n dang, con vat lieu deo 
se co bie'n dang deo truoc luc pha hiiy. Tinh deo ra'l quan trong do'i vcri kim loai vi nho co 
tinh deo ma kim loai co th^ tao thanh cac hinh dang khac nhau. Khi bie'n dang deo, kim loai 
se hap thu cac va dap nhiet tang nang luong bien dang. Khi bi keo, kim loai se tang chieu 
dai nhung giam thi£t dien (co that) va se bi dut tai chO bi co that. 

Do deo va dd that tinh theo cOng thuc: 
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D6 deo: 5 = — -- • 100% , gia tri 5 vdi kim loai thirdng la (10 60)%. 

D6 that y = A ° - • 100%, gia tri y vdi kim loai thubng tir (20 4- 90)%. 

Trong do: L t , A f - d6 dai va tie't dien m^u thu sau khi keo; L 0 , A 0 - d6 dai va tiet dien 
m5u thir trudc khi keo. 

Tmh deo cua vat lieu phu thude v^o nhQng y£u t6 sau day: 

• Thanh ph£n hop kim: thi du, vdi gang va thdp, n£u thanh ph£n cic nguyen \6 hop 
kim cang cao, tmh deo cang giam. Nguyen nhan chii yeu cua hien tuong giam tmh deo nay 
chmh la do cac nguyen 1 6 hop kim cung vdi c£c nguyen t<5 n&i tao thanh nhOng pha mdi, 
lam cho 6 mang tinh the bj sai lech di rat nhi^u d6ng thdi lam can trd sir dich chuyen cua 
lech trong qua trinh big’n dang. 

• Toe dd bi£n dang: tdc d6 bien dang cang cao, tmh deo cang t6t. 

• Kfch thude va hinh dang tap chat trong kim loai: cang nhi£u tap chat va kfch thude 
hat tap chat cang ldn thi tmh deo cang kem. Trong luyen kim, thucmg phai dCmg cac phuong 
phap bi£n tinh de lam nho min va c£u hoa cac hat lap chat co trong kim loai di khk phuc 
hien tuong giam tmh deo kim loai khi gia c6ng bi£n dang. 


Hinh 4.3. Anh hudng cua tap 
chat va each bi£n dang d£n tmh 
deo kim loai: 

- ep tinh 5%/s; 

-ren bua d6ng 

(ch6n 6p 30%/s). 



• Nhiet do kim loai: 6 nhiet do cao, cac nguyen tu dS dang dich chuyen ra khoi vi tri 
can bang cua minh, d6ng thdi cac mat tinh the’ cung dS dang truot len nhau, lam cho tinh 
deo cua kim loai cang tdt. 


93 




• Mdi trudng va each bie'n dang (hinh 4.3): Cach bi£n dang khac nhau se lam cho vat 
lieu co tlnh deo khac nhau. Phuang phap ren btia dong vdi mtfc dd bien dang khoang 30% 
nhimg lai co xung lac, se tem cho vat lieu c6 dd bin chd'ng biin dang kha cao nghTa la kim 
loai kh6 bien dang, kem deo. Viec tang ham lugng cacbon cung c6 tdc dung tirong tg. 

b. Kim loai sieu deo 

Sieu deo la hien ttrgng bien dang deo vdi mire do raft Idn, khoang tir (400 -s- 2000)% 
tham chi 8000%, cao hon ca dd deo ciia polyme va thuy tinh nong. Ve mat td chtfc, vat lieu 
sieu deo thudng la hop kim hai pha cung tfch hoac cung tinh c6 kfch thude hat ra't nho, Su 
t6n tai cua 1 6 churc hai pha muc dfch di khOng lam thay ddi kich thude hat nho trong khi 
bien dang d nhiet dd cao. V nghla cua hien tuong sieu deo la co th£ tao phoi trong edng 
nghiep vdi nhurng thie't bi don gian, edng suit be, chi tie't co b i mat Idn, thanh mong va sau. 
Dac biet mOt s 6 chi tiet co th i che' tao bang phudng phap thdi ap luc. Dudi day la mdt so hop 
kim sieu deo di£n hinh. 


Bang 4.1. He sd' gian dai cua mot sd' hop kim 


Hgp kim 

8 max; % 


Hop kim 

8 max; % 

Nhiet do; °C 

Bi-43Sn 

2000 

20 

Al-33Cu 

1000 

450 - 530 

Mg-33A1 

2100 

350 - 400 

Ni-Cr-Fe 

1000 

810-980 

Zn-22A1 

1500 

250 





c. Ve cdu true 

Cac nguyen 1 6 Cu, Al, Ni, Pb co c£u true FCC (Face Cubic Centre): deo d nhiet do 
thap va vCra, toe do bien dang tha'p. 

Kim loai Zn co c&u true luc giac x£p chat: gi6n neu hat to, nhiet dd bien dang cao, toe 
dd bi£n dang thap. 

C&c nguyen to' Fe, Cr, W, Mo co cSii true BCC (Body Cubic Centre): gion 0 nhiet dd 
tha'p va tdc dd bi£n dang cao. Mot thf du ve hien taong nay la kit cau thep tau Flying 
Enteprise bi vd d North Atlantic. Do lam vide d thdi ti£t lanh, thep co cau true BBC ra't gion 
va de sinh nurt. Mat khac, tau chuyen ddng vdi tdc dd cao nen qua trinh tao va phat tri£n v£t 
nirt xay ra rat nhanh. Tau bi vd va chim. 

d. Ve nhiet do chuyen bien gion 

Trong pha huy deo, mud'n xuat hien vet nurt nhat thie't phai co bi£n dang deo, nhung 
trong pha huy gion, vet nut co th£ phat tri£n ma khdng cin bie'n dang deo mac du van co 
bi£n dang deo xay ra. 6 mot sd kim loai va vat lieu co nhiet dd goi la nhiet do chuyen bien 
gion (hinh 4.4). Khi kim loai cd nhiet do cao hon nhiet dd chuyen bidn gion: kim loai d 
trang thai deo, no hafp thu nang lugng khi pha vd. C5 dudi nhiet do nay: kim loai gion (nhu 
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thuy tinh). Vifcc pha huy gidn thudng xay ra 
theo cac mat tinh thi don gian btn trong 
ti/ng hat tinh the?, goi la mat vd gion. LiSn 
k£t tinh th£ theo phuong vudng goc vdi mat 
vo gion thi y£u hon so vdi cac phuong khac. 

Pha huy gion xay ra theo hai giai doan: sinh 
ve'r nut va phat tri£n vet nurt theo tid't dien 
ngang cua mdu. Giai doan sinh v£t nirt nha't 
thiet phai co bien dang deo, giai doan sau 
khdng cdn bi£n dang deo. Di6u kien thuc t£ 
cho pha huy gion la bien dang rat nho, gdn 
bang bi£n dang dan h6i khi pha huy. T6'c do 
phat triln vet nurt r<it ldn n£n pha huy gion 
thudng xay ra bat thinh linh. Bcfi vay, pha huy gion rat nguy hi&n. 

e. Vet khia tren be mat chi tiet 

Khi co vet khia 6 b4 mat chi tiet se lam cho tiet diSn lam vi6c cua chi tiet giam di, tao 
u-ng sua't tap trung, do do, kim loai giam dd deo, giam nhiet d6 chuy^n bien gion, giam ttfc 
do bi£n dang. 

Trong thuc te, thep tuy co tinh deo xSx cao nhung neu tr£n be mat chi ti£t cd nhumg vet 
khia dai cung rat nguy hiem vi de bi pha huy. Neu vat due bj r6 khi bien dang cQng r£t nguy 
hi^m vi bi£n dang deo cQng khdng the han lidn duoc cac ve't cua 16 r6. Cac 16 r6 se lai cac 
vet khia trong to chrtc kim loai, lam cho chi tiet nhanh chong bi pha huy. Cac nha thie't ke 
k£t cau thep can co cac y kie'n tham vain cua cac nha luyen kim khi dung thep d£ che tao cac 
thap, b6n co kich thude 1cm, didu kien lam viec 6 nhiet do tha'p, td'c dd bie'n dang ldn. Van d6 
quan trong la khi han hoSc can khdng duoc de t6n tai cac vet khia tren chi tie't. Neu co, khi gap 
su co nhu no hoac khi bi pha hong do moi trudng co the dan den tham hoa rat khung khiep. 

Ngudi ta dac biet chu y tdi chi tieu dd dai pha huy (fracture toughness). Dd dai pha 
huy la kha nang kim loai chdng lai su phat tri^n vet nut ldn tai trong ket c£u nhu cac ket c&u 
Idn, md'i han... Khi nhiet dd giam, dd dai pha huy thudng giam. 

Nhu vay, nhiet do la van dd quan trong song con vdi ngudi tho ren da hang the ky nay. 
Co hai each xu ly de nang cao tinh deo cua kim loai dd'i vdi edng nghe ren kim loai. 

Ren ket hop vdi u 

• Muc dfch cua ren la tao bien dang, tao bi£n edng bang each dua them lech vao c£u 
true, tang nang luong dan h6i du trur; 

• Tuy nhien edn dimg ren dung luc de tranh nut; 

• Sau khi ren, tiep tuc nung chi tiet 6 nhiet dd cao trong mdt thdi gian nhat dinh (hay 


- Kim loai BCC 

- Ceramic 



Hinh 4.4. Chuy£n bi£n gion cua kim loai. 
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con goi la u). Muc dfch cua nguyen c6ng u li cung c£p them n&ng luang cho lech de dang 
chuy^n dOng, hoSc cac lech triet tiau nhau, lam xu£t hien cic hat m6i co chura lech b mtic 
tuang duang vdi kim loai chua bie'n dang. Sau u, kim loai se co dd deo cao han; 

• Cac thao tac tren duac lap di lap lai nhi£u lan n£u c£n ren vdri mire dd bie'n dang ldn. 

Ren nong 

• Day la cOng nghe ren cf nhiet d6 cao. Dieu nay co uu di£m la, b nhiet dd cao kim 
loai c6 dd b£n tha'p, dd deo cao, d§ bi£n dang, co \hi dung thi£t bj cdng sua't tha'p. Trong qua 
trinh ren nong se ddng th6i co hai qua trinh la bi£n cting va u; 

• Cdng doan lam tinh phai tie'n hanh b nhiet 66 tha'p de vat lieu co dd b6n va dd cumg; 

• Hoac ti£n hanh bi^n dang ngudi them (go, dap, phun bi...). 

Khi chu ddng lai dung bie'n dang deo de’ bie'n hinh kim loai (theo y mud'n), cin phai 
xet de'n tinh deo. Khi khdng mudn bidn hinh ma kim loai van bidn dang (kh6ng mong mudn) 
do la trucrng hop phai xet de'n tinh dao, tinh moi. 

/. Tinh dao 

Dao la qua trinh bie'n dang deo cua vat lieu xay ra cMm va lien tuc dudi tic dung cua 
tai trong c 6 dinh trong khoang thdi gian dai. 6 nhiet dd cao, bidn dang deo bao gicr cung xay 
ra trudc so vdi bat dang pha huy nao, nen tim hie’u ban chat cua dao lai la noi dung chrnh 
cua iy thuydi ben nong. 

Trong cAc loai dao thi dao khdng dn dinh la kha nguy hi&n. Bidn dang deo do dao 
khdng dn dinh gay nen, xay ra ngay ca khi urng sua't ben ngoai nho hon gidri han chay cua v£t 
lieu. Chi tie't khi chiu tai b nhiet dd cao deu bi bie'n dang, ne'u chju keo se dai ra, n£u chiu 
nen se co lai, hai qua trinh tren deu lam sai lech kich thuac cua chi tie't. Vf du banh xe cdng 
tac b tuabin khi trong may bay chju luc ly tarn 6 nhiet do cao d£n mdt luc nao do se lam 
c£nh cham vo tuabin. 

Nhiet d6 kim loai cang g3n nhiet dd chay se lam cho kim loai co kha nang bie'n dang 
d£ dang (chay nhdt). 

Hop kim A1 bit diu dao tir 200°C. Hop kim chiu nong bit diu dao tir 1500°C. Hop 
kim chiu ndng tren co s b chi bit diu dao tir nhiet dd thucmg. 

g. Tinh moi 

Kim loai chiu tai d6i diu co chu ky thi sau mot thbi gian lam viec nao do se bj met 
moi va din tori bi pha huy do bie'n dang gion, do la hien tucrng nut moi. Vi du banh xe, true 
quay bi rung ddng, canh may bay mong “viy” trong cac chuye'n bay... 

Moi chu ky thip do co bien dang deo hai chi£u, vi du viec be gay chi tiet sau cua dd 
dang. Moi nhiet cung tuong tu: do ba ddng nhiet, lam cho chi tie't co gian n6'i tiep nhau, chi 
tie't se bi bie'n hinh, sinh nut moi. Trong ky thuat dung khai niem gidi han chju dung turc la 
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ling suat ma dirdri mure do chi tiet lam viec an loan lau dai. Tang ting suae tac dung lam tu6i 
tho chi tiet giam nhanh do ntit moi xuat hien a b6 mat. 

4.2.5. Bien dang nong & bien dang nguoi 

Bien dang nong: la qua trinh bien dang tien hanh 6 nhiet do cao hefn nhiet do ket tinh 
lai. Trong qua trinh bien dang nong xay ra dong thoi ca qua trinh bien cting va bien mem. 
Tdc dd bidn dang cang Ion thi bien cting cang cao. Khi bidn dang giu Iren ket thuc qua trinh 
a nhiet d6 cao hon nhiet do ket tinh lai. Thucmg ket thuc o nhiet do cao lion nhiet do ly 
thuyet. 


Bang 4.2. Nhiet do kdt tinh lai cua mot so kim loai 



f ktl iy thuyet 

T\ T[ thti c 

rHl ' 

i ren 

Thep 

450"C 

600 h- 700"C 

1300 -s- 800"C 

Dong 

270 

450 - 500 

800 + 600 

D6ng thau 

250 

400 - 500 

750 - 600 

Nhom 

20 

250 h- 300 

450 - 350 


Ifu diem cun bien dung nong : Ngay sau khi nung, tinh deo cua vat lieu phuc hoi ngay, 
m6l lan nung co lh6 bien dang 10009L Do vat co nang luqng lern va tinh deo cao nen chi can 
lire gia cong rat nho cung da lam cho vat bien dang. Trong qua trinh bien dang cac vet ntit, 
16 r6 nho co th£ dirge han lai theo nguydn ly him ren, viec nay se lam tang co tinh cua chi tiet. 

Nhifoc diem : - Ton nang luong nung; 

- Kim loai co khi nhiet dd giam do vay kich tlurdc khong chinh xac. 

Bien dang nguoi: la bien dang dirtii nhiet do ket tinh lai, chi co bien cting lam tang do 
b6n, giam d6 deo. Muon bien dang luong I6n phai co ti ket tinh lai trung gian. 

Sau bien dang nguoi, to chtic kim loai se co dang thd, tinh di huong; thubng dung cho 
u6n dap tarn mdng, keo day, keo ong. 

4.2.6. Ngoai lire va noi lire 

Ngoai life: Ngoai lire la nhung lire tac ddng tir ben ngoai d 6 tao ra bien dang khi gia 
cong. Ngoai lire bao gom lire chinh cua dau bua, dau cp va phan luc sinh ra 6 phiin c6 dinh 
cua thiet bi, nguoc chieu veri lire chinh, ttiling goc v6i mat tua. 

Noi life: Luc tao ra noi ting suat (ting susl't dir) ton lai sau gia cong due, ren, nhiet 
luyen. Co 3 loai ting suitt du: 

Ung sued du loai moi (hay eon goi la Ung siuit ilia dai) 

- Can bang tren loan the tich cua vat the bien dang; 

- Ca hai loai ting suat: ting suat keo (+) va ting suat nen (-) deu co thd gay ntit neu dd 
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lcfn cua chung vucrt qua giai han ben cua vat lieu tham gia bi£n dang: 

- Noi ting suat gay bien dang khong deu luc gia c6ng hoac sau khi gia cong, sau do se 
co su phan b6 lai ting suat va gay nen sir cong vCnh hoac bien dang chi ti£t. 

Ifng suat dit loai Inn 

- Can bang trong mpt hat kini loai hay con goi la con goi ting suat dir t£ vi, khong co dau; 

- Kh6ng gay bien dang lcfn nhung khi ting sua't tap trung nhieu se tao bien dang cue bd. 

Ung suat loai bo 

- Can bang trong 6 mang do xo lech mang; 

♦ Khong anh huong gi ttii bien dang kim loai. 

Di sau ve ting suat di( khi bien dang 

Khao sac sir xuat hien ting suat dir a m6t dam bi uon duoi tac dung cua ngoai luc. Phu 
thuoc vao do Ion tac dung cua ngoai 
luc co the tarn thbi chia qua trinh 
thanh ba giai doan: 

a. Uon dan hoi: luc tac dung P 
chua du 16n dti gay bien dang deo tren 
chi tiet. Trong qua trinh tac dung, lefp 
kim loai phia tren chiu ting suat keo, 
phfa ducti chju ting suat nen. Bo luc 
tac dung, thanh lai tro ve trang thai 
ban dau. 

b. Tang momen uon tcri mtic mat 
ngoai phfa tr£n bien dang deo, duong 
phan bo ting suat mdi la Oab. Bo tai di 
coi nhu tuang dirang dai vao mflt Wnh 4.5. Ba giai doan xuat hien ling suat. 
momen bang va nghjch dau voi b. 

c. Bien dang dan hoi h6i phuc. Co du&ng phan b6 ting suat mefi: 

- Ung suat du nen a lop ad va Oe 

- Ung suitt du keo 6 Itip dO va ef. 

Khi khti bo ngoai luc, ting suat du trong dam se 6 trang thai can bang. Khi chi tiet da 
o trang thai can bang ting suat, neu thay d6i dang hinh hoc cua dam se lam phan bb lai ting 
suat du. Vi du bao lefp ngoai, khoan 16... se lam pha vo trang thai can bang do va dam cong 
di de lap lai trang thai can bang ting sua't moi. 

Trong ky thuat khong nen tao ting sua't du + (keo) 6 be mat vi ting sua't keo lam cho 
chi ti£t rat d£ dang bi nut vd. Tu6i tho chong moi cua chi tifet cQng bi giam va dan t6i nut do 


KEO 



NEN 

a b 
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an mon ung suat. Nfin tao ung suat du nen (-) tren be mat chi tid't. Tao ung suat du nen bang 
each ban bi, phun bi, lan ren, Ian rang. 

Gidm ung suat di( bang each: 

• U khir ling suat. 

• Bien dang tidp (tao ung suat dan hoi nghich) cho tdi khi co bien dang deo. 

• Hoi phuc theo thbi gian. 

• Can tao lugng dir bii cho bien ddi ki'ch thude khi dug suat dir giam. 

4.2.7. Nhung dinh luat can quan tain khi gia cong kim loai bang ap lire 
- Trang that ung suat va tinh deo 

Ung suat lien cang ldn, ting suat keo cang nho thi vat lieu cang deo. Trong cac phuong 
phap ren, can, ep, dap the tich trang thai irng su&'t nen a, hinh 4.6, deu do dung cu tac ddng 
l£n kim loai va co gia tri ldn nhat, cac ting sua't <r 2 va a, do luc ma sat len thanh khuon tao nen. 


Hinh 4.6. Trang thai 
ling suat bien dang: 
a- khi nen; 
b- khi keo. 



Khi bis'n dang deo cin chu y m£y van de sau day: 

- Dong thai voi bien dang deo luon luon co sir t6n tai cua bidn dang dan hoi. Boi vay, 
khi thiet ke khuon edn chu y lirong bid'n dang dan hdi sau khi khir tac dung lire len kim loai. 
Tire la lugng bien dang dan hoi se lam cho kich thude chi tid't ldn hon so voi thiet ke, boi vay 
khuon edn phai co lugng du bii lai phdn bien dang nay. 

- Sau bien dang deo bao gib cung ton tai irng suat du do bien dang khdng deu, do phan 
bo nhiet do khong ddn, do thanh phdn td chuc kim loai khong deu. Sau mot thbi gian dai 
ngdn khac nhau phu thude vao muc do bien dang se co su phan bo lai ung suat lam vat tu 
bien dang (cong vdnh). 

- Dinh luAt thd tich khdng doi: the tich sau khi bien dang bdng the tich trude khi bien dang. 

- Dinh luat tro luc be nhat: khi bien dang, chat didm trong v4i the di chuydn theo 
hudng nao co trd luc be nha't, theo hudng phap tuyen ngdn nhat so voi dubng bao. 

- Nang lugng do lire tac dung len kim loai chia lam 3 phan: bien dang deo sinh toa 
nhiet 70 + 90%, bien dang dan hoi 10%, con lai tao ung suat du. Bien dang deo lam vat the 
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nong len (hieu umg nhipt). Dieu nay giai thfch tai sao chi qua mpt lati nung ma co the keo 
thoi kim loai thanh day tir mot phoi co ki'ch thucfc kha 16n. 

- Bien dang nhanh, toe do bien dang Ion se co tac dung nung nong vat (nhipt do luc 
bien dang lorn hern nhiet do ban dau). Con bien dang nho, toe do bien dang chSm thi nhiet 
chi truydn vao dung cu. 

4.2.8. Nung nong kim loai de bien dang 

Khi nung nong kim loai, do ben giam di rat nhidu, do deo lai tang len nhir bang 4.3. 


Bang 4.3. Dp deo phu thuoc nhiet do cua mot so vat lieu 



Nhiet dp; "C 

Thep 0,15% C 

Thep 0,45% C 

Thep 20Cr 

Thep 60Si 2 

o h , MPa 

20° 

44 

60 

58 

102 

o b . MPa 

1000" 

2.8 

i 

5,1 

5,8 

3,4 

5, °/c 

20” 

33 

23 

26 

17 

8, % 

1000° 

51 

63 

70 

87 


Doi voi thep khi bien dang thirdng nung nong toi viing ostenit deo. Nung cao nira, do 
hieu ung nhiet khi bien dang, se lam cho thep roi vao vtmg qua nung, co ostenit hat Ion, tilth 
deo se thap co the" gay nth. 

Cac hieii titan $ xay ni khi nung 

- Oxy hoa: kim loai tiep xuc voi khong khi nen dd bi oxy hoa tao thanh Icrp vay ox it 
tren be mat, lam tPn hao vat lieu, giam chat luong san phaim. Oxy hoa xay ra rat manh a 
nhiet do cao. Nung bang than cui do tao ra CO se giam oxy hoa; can them hrpng dir o vat 
nung de bii cho mat mat vl oxy hoa. 

- Thoat cacbon: la hien tuong ham luong cacbon tren bd mat chi tict bi giam di do C 
tac dung v6i m6i truerng nung, thi du Fe^C tac dung vpi 0 2 va C0 2 tao thanh CO, do do dp 
cirng, do bdn a IPp bd mat giam xuong. 

- Nut: do ket cau chi tiet khong hop ly hoac tmh chat truyen din nhiet cua vat lieu, thi 
du, thep C cao, thep hop kim cao do co tP'c do truyen nhiet kern nen rat de gdy nut khi nung. 

- Qua nhiet: khi nung dd'n nhiet do cao, khoang (t" chl * iy = 150°C). hat kim loai rift thP 
to, tmh ben, do deo giam di nhidu, dd bi nul vd khi gia cong bien dang. 

- Qua chay: nung sat nhiet do chay, biPn gioi hat bi oxi hoa manh liet, lam mat tmh 
lien tuc cua ndn, kim loai khong con do ben, do deo. Khong thd khAc phuc dupe ma phai nau 
lai kim loai. 

Chon che do nung 

+ Nhiet dp nung: nung 6 khoang nhiet dp hop ly se cho nang su&'t cao, chat luong dam 
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bao, tfnh deo cao nil at. Can phai xac dinh khoang nhiet d6 gia c6ng kim loai cho thich hap. 

Nhiet do bit diu bie'n dang 
liy th&'p hon nhiet do chay khoang 
200 (1 C; 

Nhiet do ket thuc bien dang 
l&'y tren dtr&ng A, khoanp 25 
+50 (, C. 

+ Th6i gian nung: phai dam 
bao nhiet do d6ng deu tren toan 
tiet dien vat nung. 

t = apKD 

Trong do: a - he so xep khi 
nung; la 1 khi xe'p thoang; 2, 2 khi xep sit chat; (3 - he so dai tiiy thuoc vao ti s 6 L/D; K = 10 
vdi thep < 0,4% C; 12,5 veri thep > 0,4% C; 20 vdi thep hap kim cao; D - dudng kmh vat 
nung, m. 

+ L6 nung: be ren; 16 phan xa dot bing than, dau; 16 dien tra, 16 cam tfng. 

4.3. CAN KIM LOAI 

4.3.1. San pham va day Iruyen can 

Tit thoi due lien tuc, ngudi ta can thanh dang tam (slab), dang thanh nho (billet) hoac 
dang khoi ldn (bloom). Tir ba dang ban thanh phaim nay se thuc hien cac nguyen c6ng can 
keo chuyen dang khac nhau de‘ tao ra cac san phim dac tnrng. 

Phoi tam: can tiep thanh sail phin dang dai, bang, la vdi chieu day (0, 2 + 2) mm; dai 
60 m. Hoac dem cu6n Ong va han de san xufit ong han chieu day co the den 14 mm, du6ng 
kmh 750 mm. 

Tir phoi dang thanh nho: can tiep thanh tam day 4 + 60 mm, rong 0,6 + 5,0 m, dai 4 
+ 12 m, hoac can nong thanh dang thanh. 

Tir ph6i khoi ldn: co the dem keo day, can ong iron dac, can 6ng kh6ng han chi£u day 
0,5 + 40 mm; dtrcrng kmh 5 + 400 mm. Cung co the dem can thanh thep hinh hoac thep ray... 

4.3.2. So do nguyen ly 

Xet qua trinh can dang lam viec, hinh 4.8, lire keo T va true can tac dung len vat can 
ap luc N. Giua true can va vat can sc xuat hien mot lire ma sat F. Theo dinh luat ma sat: 
F - fN vdi f la he so ma sal giua true can va vi\t can. Luc keo T cua true can it nhat phai co 
d6 ldn bang lire F. Chieu N va F len true ngang se co 2 thanh ph$n P| va P 2 . Nhu vay, de cho 



Hinh 4.7. Che do nung thep khi gia cong bien dang. 
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qua trinh an tidp tuc xay ra thi lire P 2 phai lan han Pj, hay la: 

Tcos a > Nsina 
Nfcosa > Nsina 

f > tg a, goc a dirqc gqi la goc an 
hay goc can. 

- Neu goi f = tgp vcri p la goc ma 
sat, hidn nhien goc can a phai nho han 
goc ma sat p. Nhung khi phoi da vao thi p 
chi cin lan han a/2 cQng du di qua trinh 
tiep tuc. 

- Co the tang ma sat bang each khoet 

ranh, han vet tren true can tho, giam nhiet 
di> dau phoi, bOi chat tang ma sat. Tao Hinh Nguyen ^ cin> 

dieu kien thu£n lqi cho qua trinh can ban 

d^u bang each lam nho dau phoi can, tang tbc do lao phoi, tang khe ha true can luc dau. 

- Danh gia mure do can bang dq giam chicu day, luqng ep cuyet doi Ah = h () - h,; ha so 
keo dai p = Lj / L () = 1 + 2. 

- T6 chuc dac trirng cua chi tiet sau khi can n£u tren hinh 4,9. Phia truac true can, to 
churc cua kim loai la t6 churc sau nung. Tai vung true can lam viec, cac hat kim loai bi keo 
dai ra. Xung quanh cac hat tap trung nhieu ung sua't do vay nang lirqng tai day se cao han 
cac vung khac. Tidp theo la vung kim loai tao hat m6i va ket tinh lai USn mot va tiep theo nffa 
la vimg ke't tinh lai lan hai. T6 churc cuoi cung cua thoi can la do hat nho min deu. 




- Uiig sua't du khi can: nguyfin nhan cua hien tuqng nay la do bien dang deo khong 
d^u khi kim loai a vung khe true can. Neu dubng kinh true can nho: luqng giam chieu day 
nho, bie'n dang deo 6 be mat la chfnh (tuong duong brin bi, can cho bong) thi 6 be mat co 
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ling suat du nen, d tam khoi urng sua't du keo. 
Neu dubng ki'nh true can ldn: lirang bien 
dang ldn se gay ra bien dang khd'i a be mat 
nhiSu han ben trong do co ma sat Ion a vong 
cung tiep xiic. Bi mat ung suat du keo (+), 
tam khoi Crng suat du nen (-) (hinh 4.10). 

4.3.3. True can 

True can dupe phan loai theo dudng 
kfnh true: true can nho 0 < 300 mm, true can 
vtra 0 300 + 600 mm, true can ldn 0 600 -s- 
1400 mm. 



flinh 4 JO. Anh hudng cua dudng ki'nh 
true can den trang thai ung suat. 


Duong ki'nh true can nho thi tot vi chi yeu c3u luc can thap, nhung phai co true ldn dd 
vi true can nho d§ bi vong. Can vdi true can nho co the tao san phdm rong tdi 5000 mm, 
mong tofi 0,0025 mm. Co the dung loai may can co nhieu true nho (true sendzimir) 10 true. 
Dudng kinh true nho tdi 6 mm bang WC (can dai mong kim loai b4n cao). 

Co th £ can tu ddng toe do tdi 25 m/s. 

Can tam phang co thi dung each keo trade (steckel rolling) de do xoSn tren true bang 
khOng. 

Yen can doi voi true can: b£n, chong m&n. True can co thi lam bang gang due, thep 
due, thep ren. Khi can nong can mat true thd, co ranh de keo dupe vat li£u qua khe can khi 
luang giiim chilu day Ion. Can nguoi edn mat true nhan, phai danh bong. Vat lieu lam true 
can co thi la thep ren, gang cau, hoac kim loai gdm... 


4.3.4. Cac dang lhao tac can 

- CAN HINH (shape rolling): dung di can 
chi tiet chu I, dang mang, ray, hop (thi du tren 
linh 4.11 va 4.12). Cong nghe can loai nay phai 
qua nhidu bude, dung nhieu bo doi true can thie't 
ke dac biet. 

- CAN VANH (ring rolling), hinh 4.13: thi 
du can vanh banh xe goong. Nguyen ly lam vi6c 
nhu sau: 


True can 




Hinh 4.U. Can hinh. 


Khi lam viec, true dan va true theo xfch lai gan nhau, chieu day vat can se bi gian 
mong, lam dudng kinh ldn ra, vanh mong han. chieu rdug cua vanh khong ch6' bdi hai true 
canh. Co the can nong hoac can ngudi. Dung each nay del che tao vanh ldn cho rocket, 
tuabin, vanh 6 bi, vanh tang cudng cho ong, noi ap luc. 
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Lan 1 


Lan 2 



Hinh 4.12. a- Can true nho; b- can ong hlnh. 



Khuon dong 



Hinh 4.14. So d6 can l&n ren. 


CAN LAN REN 
(hinh 4.14) (can ngu6i): 
tao ra vft, bu long, banh 
rang. 

May che tao ren 
khubn nAm ngang, hinh 
4.15, neu tao ren co 
diremg kfnh 0 nho co the 
dat nang suA't 8 chi tiet /s, 
veti dirdng kfnh tren 25 
mm chi dat 1 chi tiet /s. 
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V6i khu6n quay co the dat nang suit 80 chi tiet /s. 

Dac diem cua phirong phap can ren: 

- Tiet kiem kim loai, khOng mat mat kim loai qua phoi; 

- Be mat rang nhan han; 

- Tang b6n hen, thd kim loai tot hen; 

- Co ting suat dir nen (-) e be mat, chiu moi tot; 

- Can co chat b6i tron. 

CAN ONG KIIONG HAN (rotary tube piercing) phirong phap Mannesmann 1880. 

Nguyen ly: thanh tron khi chiu nen hudng tam thi ting suat keo phat trifin a tam, gay 
nut giira, tao 16 rong. Cach bo tri true can sao cho khi quay co tac dung lam cho thanh tron 
bi keo dai ra. Dung chay nong lam nhifcm vu me rong 16 tori kich thuec 6'ng. Vi kim loai bi 
bien dang nhieu nen phai dung thanh chat lueng cao. 

4.4. KEO KIM LOAI 

Sff (16 nguyen ly 

Nguyen ly cua phueng phap keo kim loai la lam giam tiet dien cua chi tiet bang each 
keo qua khuon co 16 hinh. Do san pham can chi co the nho toi 0 8 hoac 0 6 mm, mudn 
giam dudng ks'nh cua day xuo'ng nua, phai qua nguyen cOng keo. 

Dung phueng phap nay da keo thanh, day (nho toi 0 0, 025 mm), 6'ng (o'ng khong han 
day trb thanh mong, phai qua nhieu 16 hinh, co boi tren va lam nguOi khuon). 

Keo la qua trinh lam tinh. Keo nguoi chinh xac, b^ mat bong va ben, song luc keo 
phai ldn. Keo nong cho nang suit cao hen. 

Chi liei 
Khuon 
De do 

Hinh 4.16. Nguyen ly keo day. Hinh 4.17. Khuon keo. 

Khuon keo, hinh 4.17 , tlnrcmg duec che tao bang hep kim dac biet va duec chia tam 
4 phan. Phan vuo't (1), phan bien dang (2), phdn dinh dang (3) va phan thoat (4). Trong qua 
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trinh keo, vung biCn dang (2) la vung bi mon nhanh nha't. 

Vat lieu dung de che tao khuon thucrng la: 

- Thep dung cu: dung dd keo nhdng day, ong co duang kfnh lcrn; 

- Hap kim ctrng WC: dung keo 
d^y co d < 0,5 mm; 

- Kim cucng: dung keo day rat 

nho. 

Lire keo day: 

P = aFi(l + f.cotga)lg(F ( /F 1 ) 

Trong do: a - gidi han ben 
trung binh; F 0 - tiet di£n day ban ddu; 

Fj - tiet dien day da keo; f - he s6 ma 
sat giOa khudn va kim loai; a - goc 
khuon keo. 



Co goc khuon a toi uu a do lire 
keo la nho nhat, hlnh 4.18. Goc toi uu 

F - 17 

nay tang khi tang gia tri 6 = —— 


Goc keo a 

Hinh 4.18. Goc toi uu khi keo day kim loai. 

(mire giam tiet dien khi keo). M6i ldn keo giam tdi da 
r o 

63% la ly tudng, thucrng chi ttr 15 -5- 35%; sau vai la'n keo phai ii kSt tinh lai mdi keo tiep dd 
tranh nut. 

B6i tran: Phoi dem keo phai xir ly bd mat cho sach gi, vay oxyt dd tranh lam mon 
khuon, sau do cho phoi di qua h6p chua xa 


phong cho b6t bam vao co tac dung boi 
tran. Vcri thep, hap kim chiu nhiet phai 
trang mat ngoai phoi mdt lap kim loai mdm 
(Cu, Sn) hoac polyme. 

Keo dng 2a = 10 * 24 (1 . 

4.5. EP CHAY KIM LOAI 

La c6ng doan tao hinh kim loai bang 
each ep dim kim loai da nung nong qua 16 
hinh cua khuon ep th6ng qua chay ep hoac 
piston ep. Ngay nay co thd ep nong hoac ep 
nguoi cac kim loai va hop kim khac nhau. 
£p hap kim mau co thd dung ep nong hoac 


a) 


San pham 



Khuon 


b) 



llinh 4.19. Nguyen ly ep chay: 
a- ep true tiep; b- ep nguqc. 
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ep ngudi. Vcri thep co thf* ep chay a nhiet do ren, thf du ep phoi banh rang. Tiet dien co chi 
tiet ep the phirc tap tuy y. Thiet bi ep chay re hon can. 

Phuong phap ep chay kim loai dat duoc do chfnh xac cao, co tfnh cao, nang suat cao. 
Nhd nen khoi, kim loai deo hon. Song khu6n bi hao mon nhanh, hao phi kim loai cung ldn, 
thirong la (12 -s- 15)%, ep ong thi hao tori 45 %. 

Co 2 phuong phap ep: ep true tiep hay con goi la ep tififn va ep gian tie'p hay con goi la 
ep ngucrc hoac ep lui. Phuong phap ep gian tie'p co m6t so uu diem hon nhu luc ep nho hon 
khoang (25 -r- 40) %, kim loai it hao phf hon thuong 
chi khoang (5 + 6)%. 

Doi khi nguoi ta con cho mot so chat long 
vao phia trucrc piston ep nham lam giam ma sat va 
lire tac dung. Cac chat nay co th£ la dau thirc vat, 
sap, polime, thuy tinh. 

Cdn chat boi tron de chong dfnh cho cac 
phuong phap gia c6ng ap luc nhu can, ren, ep, keo Hinh 4.20. Khuon ep che tao 
day. Chat boi tron co the dung la dau mo, graphit, hdp thuO'c danh rang. 

MoS 2 , xa phong, sap, mudi, polyme. 



Hinh 4.21. 

Kft't cdu khuon ep chay 
ong khdng han. 



Khuon 


6p va d^p: chay roi vefi toe do cao gay va dap, ep kim loai chay nhanh nguoc l£n vao 
khe giua chay va khuon. 

So sank ep nguoi vd ep nong 

a. Ep nguOi: thucrng dung cho ep thang dung. 

Uu di£m: mat dep, khong bj oxy hoa, dung sai ft, b£n vi con nhidu bidn cung. 

Nhuoc di^m: khuon phai rat ben dai, chju mon; khuon 58 + 62 HRC, chay 60 + 65 HRC. 

b. £p nong: dung cho ep thuy luc, cp ngang. 

Nhiet d6 ep nong bang nhiet do ren. Khi ep nong, n&m lai sat thanh va trong khu6n la 
lop vo kim loai nhieu oxyt trong khi san pham thi ft oxyt. Cam dung chat boi tron khi ep nong. 

Toe do ep 

Toe d6 chay ep co thO tcri 0,5 m/s, tuy thuoc vao hop kim, thf du: voi cac kim loai nhu 
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Al, Mg va Cu thi ep toe d6 thap. Thep, Ti, hap kim chiu nong c6 the ep vdi toe dd cao. 

Chong dmh: billet boc m6t lap ao kim loai mem bang Cu hoac thep mem. 

Boi Iran: thep dung thuy tinh (each nhiet, chong ngudi kim loai), vong thuy tinh dat d 
ch6 vao cua khuon. Cung dung chat b6i tran rin nhu graphit, MoS 2 . 

Co the ep dfnh bimetan bang phuang phap nay. 

Tat khi ep 

- Nut trong: loai tat nay phai cat tiet dien mdi thay vet nun. Nguyen nhan la do vung 
bien dang deo khong gap nhau. De khac phuc phai xem lai goc khu6n. 

- Nurt mat: Nguyen nhan co the do nhiet do cao bdi vay phai giam nhiet do ep; cung co 
the do ma sat ldn va toe do ep qua cao, thudng hay gap d vat lieu Al, Mg, Cu. 

- Tat vet oxyt d mat (fish tailing). 

- De tranh cac tat khi ep c3n thiet ke chinh xac mo hlnh chay tire la phai thiet k£ 
khu6n sao cho kim loai chay ddng deu va kifim soat dugc ma sat, giam gradient nhiet do. 

4.6. REN KIM LOAI 

Tir thdi c6 xua, da xuat hien each ren cd dien. Phuang phap ren dung bua va de co tu 
5000 nam trude cong nguyen, dung trong ren dao, kiem. Dong thdi voi kicn thuc ve bien 
dang kim loai, con nguefi tien sir da biet sir dung nhung bien phap lam tang ca tinh cua kim 
loai, thi du da ren dugc nhtfng tuai kid'm vo cung sdc nhung lai vo cung deo. Nhung kham 
pha cua khoa hoc hidn dai da ly giai dugc nhung kinh nghiem cua con ngudi tien su trong 
linh vuc bien dang va nhidt luyen kim loai. Ngay nay, cong nghe ren da co tien bo han 
nhieu, da dung khudn ren va luc ep bang may. 

Ren la phuang phap bien dang khdi vdi luc d6ng hoac tinh dc’ tao ra san pham kha da 
dang, thi du, dang true, thanh noi, true khuyu, dia, banh rang... 

Thudng dung cac thiet bi: 

May bua co toe dd cue dai 5 * 10 m/s, thdi gian edng tac 0,01 s. 

May ep thuy luc, ma sat voi toe dd cue dai 0,2 m/s, thdi gian edng tac 0,1 s. 

May tao luc dong, ren ngang 5 m/s, thdi gian cong tac 0,01 s. 

4.6.1. Ren khuon lid (hinh 4.22) 

Nguyen ly cua phuang phap nay la, thdi kim loai da nung nong dugc tao hinh bdi mot 
luc tac dung lap di lap lai nhieu lan nhd dau bua hoac khudn ren. Kim loai chay theo khuon 
hoac diu bua sc khdng lien tuc va khong deu nhau. Dac diem cua no la mat tig'p xuc vdi dau 
bua rong d^n. Chat lugng vat ren ril tot do co qua trinh lam nhd hat va bien dang. 
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Hinh 4.22 . Ren khuon hd. 


Hinh 4.23. Ren khudn in hinh. 


4.6.2. Ren khuon in hinh (hinh 4.23) 

Nguyen ly cua phuong phap: qua trinh tao hinh la nhcf ddu bua hoac khuon tren dap 
timg nhat xuong phoi da nung nong. Chi tie't co hinh dang 16 khuon va co bavia. Nhiet d6 
ren thudng lay cao han nhiet d6 bie'n dang deo (> 0,6 T bd ). Vat ren co co tinh cao do dong 
hat kim loai sau ren dii dirge dinh hudmg lai, chi tiet co tinh di hudng, dieu nay se rat thuan 
loi cho qua trinh sir dung sau nay. 

Bavia hinh thanh trong qua trinh ren chiu mot ap lire rat cao lai bi nguoi rat nhanh n6n 
no can tr6 sir chay cua kim loai, giup kim loai dien day khuon tot han. 

4.6.3. Ren khuon kin (ren chinh xac, ren khong bavia) 

Dac diem cua phuang phap ren nay la: 

- khuon can phai gia c6ng ra't chmh xac, gia thanh bd khudn va chi tie't kha cao, mot 
bo khuon chi dung cho mdt loai sail pham va thucmg dung cho chi tiet phurc tap; 

- Neu ph6i co kich thuac qua 16n de gay nut cue bo do hien tugng bien dang khong d£u; 

- Thucmg dung cho hap kim cua Al, Mg hoac nhung chi tiet khdng can cat got hoSc 
cat got it; 

- Ren khudn yeu cau thiet bi cong sua't Idn do can bien dang cirorng birc kim loai trong 
long khudn. Khoi lugng vat ren khudn bi han che, lcrn nha't khdng qua mot tan; 

- TiSt kiem kim loai nhung phai tinh toan the tich phoi that chmh xac. 

Cac phuang phap khac 

• Ren nguoi: dung ren Ian cuO'i, day la buac ren tinh; phdi chi nung tdi nhiet db ket 
thuc ren (thap han nhiet dd ket tinh lai, thi du vdi thep la 750 4- 780 (1 C) 

• Ren dang nhiet , ren khudn nong 

- Khuon nung tdi nhiet do vat ren sau do tie'n hanh ren; 

- Vat khong bi lam ngudi nen chay tot trong 16 khudn, tinh in hinh se td’t han; 
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- Khudn bang hap kim Cr + Ni chju ap cao, loai khudn nay kho che tao, dat ti^n nen 
chi dung cho che tao chi tie't phirc tap, vat lieu dat tidn. 

4.6.4. Khuon dung trong gia cong bicn dang 

Quy trinh che tao khuon ren qua cac budc sau: dung thep due de tao khuon, sau qua 
ren r6i cat got, mai hoac gia cong dien hoa (neu vat lieu ran) cuoi cung dem nhiet luyen 
hoac xu ly be mat de dat dd ben va chd'ng mon tot. Khu6n ren thirong che tao tir cac loai 
thep hop kim cha't ludng cao, (hi du he thep Cr + Ni... 

San pham ren co the hong vi khudn do cac ly do sau day: 

- Thidu sot trong thie't ke: gan, ban kinh goc nhon khong du, de sinh nut; 

- Nhiet luyen khong thich hap, khdng dam bao co ti'nh; 

- Khuon lam viec qua nhiet, qua tai, qua mon, thao tac khong dung. Vi the' viec kidm 
tra nhiet do khudn khi lam viec la rat can thiet. Trong qua trinh van hanh, cac chat bdi tron 
va lam nguoi co dura S, Cl rat de gay ra hien tuqng pha huy Idp kim loai coban dung lam 
chat dfnh kdt trong hop kim cung WC va giam ben cua khuon cung nhu chi tiet ren. 

- Vat lieu la thep, thep hop kim, cacbit, kim cuong dd nut khi chiu lire va dap va ung 
suat nhiet khi khudn co gradient nhiet do lern. 

Chd sut, hong d khuon co the sua bang han dap, phu kim loai bang laze. Nhung bd 
phan khuon dd mon, de hong nen thiet ke manh ga de thay. Dat manh ga kh6ng hop ly cung 
de sinh nurt. 

Nhung khuon va d6 ga chiu ung suat cao phai co ludi bao ve phong va, gay tai nan. 
Khi ren nong thudng bdi tran bang graphit, MoS 2 , thuy tinh. 


Bang 4.4. Mot s6 vat lieu lam khuon 


Mac thep 

Tinh nang 

Pham vi su dung 



Lam viec toe do cao, tai trong lan, lam 
ngudi bang nucrc. Dung cho khuon ren 
toe do cao, ep chay, due ap lire. 

25Cr 3Mo3VNb 

Tinh dco nhiet, chiu moi 
nhiet tuang doi td't. 

Khudn ep chay nong cd nho, tudi tho ga'p 
ddi so vdi thep 3Cr2W8V. 

5Cr 4W 5Mo 2V 

Tinh dn djnh khi u va a 
nhiet do cao. 

Khudn dap tinh, khudn dap vong bi, banh 
rang. 

50Cr4Mo3SiMnVAl 

Deo, chiu va dap tot, ben a 
nhiet do cao. 

Lam viec d nhiet do cao, tai trong ldn, 
lam chay ep chay nong. 

6\V8Cr4Vti (ClMl) 

6Cr5Mo3W2VSiTi 

Deo cao, chju va dap nhiet 

tot. 

Khudn dap ngudi, chju ap ldn, khudn ep 
chay ngudi, khudn cat mep dap nguoi. 
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MIu thu n'nh ren tdt (bidn dang khong nirt, lire nho) thudng dung cac mau: 
- M&u tru: ren m^u de giam chi£u cao tcri khi nirt. 


- Mau thir xo^n: mHu tron xoin tdi khi nut. 
a. Vai thao tac ren lay 
VUOT: 

- Giam tidt di£n ngang, tang chi£u dai 

- Dung bua phang, hlnh chu V hoac cung tron 

- Vuot thoi tir giua ra hai dau de d6n tat ra ngoai. 
CHON: 



- Giam chieu cao, tang tiet dien ngang 


- Chdn toan bo hoac cue bo (chi nung doan can chon; hoac nung loan bo chi tidt 
nhung dung khuon dem). 

DOT l6: 


- L6 co duong kinh 50 * 100 mm dung mui 
ddt dang r6ng hoac ong dd giam lire dot; 

- LirSi cat cua mui dot phai phitng; 

De dam bao mui dot cung, tranh bi dmh khi 
dot .sau khoang 10 -s- 30 mm lay dot ra cho vao chat 
chdng dfnh nhu bot than, graphit... sau do dot tiep. 


) { 

/ 

, t t, 






\vrm' 

ll 
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ilinh 4.25. Dot 16. 


XOAN: la phuong phap nung chi tiet den nhiet do cao, diing don kep xodn lai. 

UON: khi uon tiet dien chi tiet bj giam di. Tai vung uon, sinh nhi6u ting suit, d£ nut. 


HAN REN: la phuong phap lien ket hai chi tiet lai v6i nhau thong qua cong ngh£ ren. 
Voi thep cacbon Chap ham luong S, Mn, Si thap rat d6 han; co the dung phuong phap nay cho 
nh6m, dong, lat6ng. Ky thu&t edn luu y la phai chuan bi mep han ren that tdt de tao dieu 
kien khuech tan trong qua trinh ban ren. M6t thi du di£n hinh la tho ren tay ren luoi cat 
trong dao chat cui. 


CHAT: 

- Chat nong: dung dao goc 60 () . 

- Chat nguoi: dung dao goc luoi chat 70 -s- 75°. 

- Chat mot nua chidu day, k)t lai chat tiep. 

b. Thiet ke vat ren 

Thidt kd vftt ren chu y tdi cac phan sau: 

Dung sai ve duong kmh, chieu day: A = ± (0,028 D + 0,0004 L + 0,5); mm 
Dung sai ve chi6u dai: AL = ± (0,03 D + 0,003 L + 1,2); mm 
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Luang du gia cOng c o 5: tra so tay, tuy phuong phap ren hay ep. 

Vf du khi thiet k£ m6t vat ren co dufrng kmh D, lay 8 = 0,06 D + 0,0017 L + ... 

Luang thira de don gian hoa chi tie't. 

Cac van d4 khac cung cin duoc chu y nhu: do nghieng thanh khuOn, goc lugn, mat 
phan khuOn, thiet ktf long khuOn, vat lieu khuOn (chju va, moi nhiet, mai mon) thudng la 
thep 50CrNiMo, 40Cr3WMoV. 

4.7. DAP KIM LOAI 

a. Dac diem la, ttfm kim loat 

TAm va la la chung loai chi tier co ti le (dien tfch be mat / chiiu day) lan, cho nen khi 
bien dang thudng nen de kim loai chiu Inc keo (theo mat phdng la); n£u chiu nen de gay 
phdng, nhan. Khi bi£n dang la. chieu day thudng khong giam, neu vda thay ddi hinh dang 
lai giam ca chieu day de din den that, dut chi tiet. Thf nghiem keo mOt giai Al, thanh se bi 
dut vi that theo dudng cheo cua thanh theo thiet dien. Keo thep lai co hien tugng gian dai d 
diem chay, mudn khdc phuc hien tugng nay nen dem can nguoi trudc hoac can vo (skin 
rolling) se giam chieu day 0,5 1,5%. 

Tinh di hudng cua kim loai cung co anh hudng Idn den kha nang dap cua kim loai va 
thudng la lam cho kim loai de dang bi bien dang cJAp. C5 hat cang min cang t<5t, nen chon cd 
N.7 A STM (American Society for Testing Materials); hat to lam mat tho, de bi phdng qua 
cam (orange peel). 

Dap ta'm co dac diem sau: 

- DO bong, do chinh xac rat cao, tinh Up lan tOt, nhi£u san pha’m khong can qua gia 
cong cii got, thf du dap cac do dung gia dung nhu ndi, xoong, chao... 

- DO bin, do cung v&ng cao nen tiet kiem kim loai; 

- DO co khi hoa va tu dong hoa; 

- Nang suit cao, thudng dung trong san xuAt hang loat ldn cho nen gia thanh ha; 

- Thudng dung de’ che tao vo thung chua, tarn che chan, nap day trong cong nghiep 
oto, tau thuyen, cOng nghiep thuc pham va hang tieu dung. 

Khi bie'n dang chu y cac va'n de sau: 

• XJhg sua't du keo (+) tao nen do bien dang khOng deu se gay nut do an mon ling suat 
sau nay; 

• Dan hoi bat trd lai (springback) xay ra khi uon vdi ty so (ban kmh uon/chieu day) 
ldn; de khac phuc nen dung la mong, bie'n dang nen nho; 

• D^ giu gin dugc ldp son phu ma, Idp mang huu ca, ldp can chOng an mon d mat la 
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kim loai khi tao hinh thi cac 16p phii nay c&n mem deo, ben, du ran, chong mai mon va co 
m^u dep. 

b. Cac nguyen cong cilt phoi trong dap tarn 


I. Cat dot id (shearing) 

Cat ph6i la nguyen cong ph&n chia ph6i thanh dai, ta'm, manh... theo nhumg dudng km 
hoac hct (thang hoac cong). Qua trinh xay ra, theo chiiu tfrng cua lire cat, tii bien dang deo, 
bien dang dan h6i, xu&'t hien v£t nut, tach rcri ta'm ph6i. 

- Cat dudng thang dung lucfi cat song song (dep) luSi nghifing 24 -i- 30° (hinh 4.26a) va 
dao dia. Pho bien la dung chay va coi cat nhu hai lu5i dao (hinh 4.27). 

Lire chay cit: P ma , = 0.7 (a b liS killl T. L 

Trong do: L - chifcu dai chu vi cat; 

T - chi iu day. 


DSp cat Dot 16 




Hinh 4.26 . a- May cdl lu6i dao nghieng; b- Dap clt va dot 16. 


Cac kieu khuon cdt dap: 









Hinh 4.27. KhuOn cdt dap lu6i 
cat nghieng. 


Hinh 4.28. KhuOn dot dep 
(fine blanking). 


Khe hd giCra khuon va chay thudng lay khoang (2 ^ 10)% chieu day tam, khe ho 16n 
lam cho kim loai se bi keo vao coi chu kh6ng bi cat hoac mat cat bi nham nhd. 
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Khi bien dang cat, kim loai 6 gan mat cat kim loai bi bicn cung: 

♦ cat nhanh, nhiat do turc Choi o do la 500 * 600 (1 C. 

• Cat cham, nhiet d6 co the dat 300°C. 


Dot dep (fine blanking): Muon mat cua ph6i dep, co goc vu6ng canh, nhan phai dung 
khu6n ep phu, khe ho chi 1% chieu day ta’m. 


Thuc l€ dung khuon phbi hop nhieu d6ng tac (progressive dies); dap 16, a'n 16 sau, cat. Khi 
cat phoi hinh 16 (blank), phe pham khi cat dot tori 30%, can dung may tfnh d£ chon phuong 
an sao cho co h£ so su dung nguyen lieu cao nhat, chu y de mach cat phang nhan va dep. 

2. Uon (bending) 

Uon la qua trinh lam thay d6i hucfng cua true ph6i, 

* Ban k'inh uon min: tfnh theo bOi so cua chieu day T: uon vdi ban kinh Ion hon se 
khdng nurt. 



Bang 4.5, Ban kfnh u6'n R min 


Vat lieu 

Ki'ch thuoc R min 

U6'n mem 

Utfn cung 

Nhom 


6T 

D6ng thanh 


2T 

Thep ostenit 

0,5T 

6T 

Thep C, hop kim tha'p 

0,5T 

4T 


- Do dai non (ban cua ta'm can non) 

Ban cang rong (LA' ldn) thi c^n co ty s6 RA 16n; khi L > 10T thi khong anh huong 
th6m nua. RA giam thi goi la uon nhon (sharper bend) 

T n koLT 2 

Lire uon max P mjx =—— 

vdi uon hinh chu V: k lay bang 1.2 + 1,33; 
vdi uon hinh chu U: k bang 0, 25 + 2 lan k cua V. 
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- Nut khi non 

Khi udn ldp kim loai phfa ngoai bj keo, phi'a trong bi nen, 16p gan true trung hoa 
khdng bj bien dang deo. Ban kinh uon cang nho, mire bidn dang cang ldn khien kim loai d£ 
nut, true trung hoa se co xu hudng dich dan ve phi'a ngoai. Se nut d goc uon ndu thd kim loai 
(hudng can) song song vdi true uon. 

Thuc td a trung tarn vimg uon co hi£n tuqng giam tiet dien (that) nhu khi thu keo, ndu 
thiet di^n giam it han 50% la uon duqc. Se xua't hien nirt canh ndu trude do ta'm hoac la khi 
cat bi bien cung d viing mep cat. 




a) 


b) 


Hinh 4.30. a- phan bo ling suat tren chi tiet uon; 
b- nurt khi uon. 


Tang kha nang uon bang each: 

- Nung nong lam tang do deo cua kim loai. 

- Dung ep thiiy tinh, dat trng suat nen de giam ting suat keo a thd ngoai. 

- Hien tti&ng dan hoi bat lai (springback) 

Sau khi u6n, tam co xu hudng quay b;\t tret lai, khong giu dung d vi tri mdi: udn ban 
kinh Rj lai duoc R 2 - 

Khu dan h6i bat lai bang each: 

- Tao cho vat lieu bidn dang deo d£; 

- Tang ling suat thd ngoai bang dung tai keo gian luc uon, hinh 4.31; 

- Uon qua di khoang 2° so vdi yeu cau; 

- Uon quay, hinh 4.32. 

Cac ki£u udn: co the udn mep tang cung, tao bich, udn dng, loc. 



Hinh 4.31 . Dap keo gian luc udn. 


I 
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3. Dap sail 

Nguyen ly cua phuong phap: phoi dang tam mong ducc dat vao khuon, diroi tac dung 
cua chay dap va 16 hinh cua khuon ma ta'm mong bi bicn dang. Thi du dap xoong, noi. 

Dudng kinh cua tru rdng cang nho, cang phai dap nhidu lin. Neu goi D i va h, la ducmg 
kinh cua tru r6ng d lan dap thur i, ta co cac khai ni£m sau: 

- He s6 dap sau cho phep m. 

Lan thur nha't: m, = D,/ D () D, - 
Lan thCr hai: m 2 = D 2 / Dj-* D 2 = m 2 D[ 

Thucmg lay m = 0,55 -s- 0,95; ddi vcfi vat lieu co do deo cao lay m nho, ph6i day cho 
phep lay m nho. Dap m6t Un chi dat do sau toi da 60% dudng kinh ngoai, muon sau hem 
phai u r6i dap nhieu lan ban d2u lay gia tri m nho, cang ve sau co th £ chon gia tri m ldn ddn 
(tra bang). 

Ban kinh lirgn cua chay R chiiy lay > 

0,5 R tl)i ; vcfi phoi day s = 3 + 6 mm, R wli = 

(6 -r 4)s vdi thep; R coj = (5 4- 3)s vcfi d6ng; 

A1 mong thi phai chon ban kinh cua chay 
lom han, neu khong chi tidt se bi dut vi bi 
mong di khi dap. 

- Luc dap; P = P d + Q 

+ Luc bicn dang: P d = kj7tD,sa b 

Trong do: kj - he so hi£u chinh Icin 

dap thir i (tuy thuoc rrij); D, - duong kmh 
chi tiel sau lan dap thur i, o b • gioi han ben N / mm 2 


Tam chan 


m 


®t®S| 


I35n 

m 

rrr ' 

! Ph6i IKhuon 

11 

r 

_L .1 


/• ffei 


/ 


Hinh 4.33. Dap sau tru r6ng co vanh. 


+ Luc chan phOi: Q = Fq 

F - didn tfch ph6i duoi tam chan, q - ap 
sua't chan (chon theo bang). 

- Luc dap sflu cue dai khOng ke ma sat 
Pmax = DjSO^Do/D! - 0,7) 

Neu luc nay ldn qua dd sinh nut chi tiet. 

Dap gian lam mong lhanh ph6i (ep chay 
nguoc). Trong c6ng nghe nay, khe ho giua 
chay va edi phai nho hon chidu day ta'm. 

Dudng kinh chi tiel giam ft, chieu day 
day khOng dOi, tuong tu vu6t 6ng. 


Thanh ph&m 
cudi ciing 


Dau dd chinh 


Phoi ban dau 


Thanh pham 



Gia dddung cuf' 

Dung cu 


Hinh 4.34 . Mict kim loai. 
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4. Miet (tao h'mh quay san ph^m) 

Dung chay mifit va con lan de udn, vudt. Nguyfin ly cua phuong phap: Phdi dang lam 
la ducrc ga chat len khudn quay. Ddu miet tren dung cu ti chat vao chi tifit va ep chat vao 
khudn. Kim loai vira chiu bifiii dang keo vira chiu udn. Qua trinh mifit hoan thanh khi hinh 
dang cua chi tiet ap chat vao khudn. 

5. Cac phttttng phap dap khdc 

A - dung khdng khi nen: Ducti tac dung cua khdng khi nen va tac dung cua khudn tren 
di xuong, ta'm kim loai se bi bifin dang theo dung profil cua hoc khudn (hinh 4.35). 

B - Dung khudn cao su: Tam kim loai dat 
trong hoc khudn bang cao su. Chay miet co 
dirong sinh cua profil tuong tu nhir profil cua chi 
tiet. Chay vira quay vira miet len tarn kim loai. 

6. Dap rid’(hinh 4.36) 

Tao hinh nhb nang lirqng cao, khdng can 

dau tu may ep cao ap. 

Nguyfin ly: Phoi kim loai dupe ga chat len 

khudn dap. Khudn co bd phan hut chan khdng de 

tang ap luc dap. Khoi thuoc nd dat trong bfi chat 
,, ‘ , . . , , Hinh 4.35. Dap nhd khi nen. 

long phu tren mat chi tiet. Duoi tac dung cua ap 

luc nd va chan khdng, tarn kim loai se bi bifin dang theo dung hinh dang cua hoc khudn dap. 
Cac phucrng phap nd khdc dung trong gia cdng ap luc: 

- Dung hdn hop khi kich nd trong budng kin. 

- Cho bo'c hoi nito long, tao ap luc du bifin dang kim loai. 

Mot dang khac an loan, ton nang luqng it hon la tao hinh bang dien-thuy luc 
(electrohydraulic forming): tich dten mot chifiu 6 tu r6i phong difin, tao song va dap, dung 
tao hinh chi tiet nho. 




Hinh 4.36 . Dap no. 
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Chirong 


LUYEN KIM BOT 


5.1. KHAI NlfiM Vfi LUYfcN KIM BOT 

1. Khai niem 

Khac voi phuong phap luyen kim thong thircmg, luyen kim bot la qua trlnh che tao chi 
ti£i tir b6t kim loai hoac bot cac hop chat cua kim loai. Nguyen ly ca ban la lam the nao de 
tao dircrc lien k£t ben giira cac hat ma ban chat cua chung hoan toan khac biet. Quy trinh 
cong nghe san xuat chi tie't bang phuong phap luyen kim bot bao g6m cac c6ng doan sau: 

- San xu&'t b6t kim loai, hop kim hoac bot gom; 

- Tron bot kim loai, bot hop kim vdi chat di'nh va cha't phu gia; 

- Tao hinh san pham: tao ra san pha’m co hlnh dang theo yeu cau nhung chira co lien 
ket ben giura cac hat bot vat lieu; 

- Thieu ke't (gia cong nhiet): tao lien ket ben giira cac hat vat lieu va do ben can thie't 
cho chi tie't; 

- Gia cong tinh: tinh chinh kich thuoc, ep lai, nhiet luyen... 

Trong thuc te khong nha't thiet phai theo dung trinh tir nhu tren, doi khi co the tien 
hanh hai nguyen cdng d6ng thdi, thi du tao hlnh va thieu ket dong thdi. 

2. Ong dung 

Vat lieu san xua'l bang phuong phap hop kim bot thudng dupe sir dung trong cac llnh 
vuc sau d^y: 

- Dung lam vfit lieu ket cau: chi ti£t bang bot ddng, bot sat, ddng thanh, dong thau... 

- Tao hop kim dac biet: thi du vat lieu tir ciJng AlNiCo; tir mem Fe-Ni, F-Si; tiep diem 
W-Ag; vat lieu chiu nhiet Ta-C, Al-Ni; vat lieu sieu dan Nb ? Sn. 

- Compozit kim loai: day la cac loai hop kim ctrng ma thanh phan chinh la cacbit kim 
loai nhu WC, TiC, TaC v6i chat dinh la coban kim loai. M6t ho compozit kim loai nifa phai 
ki den la compozit ma nen la nhtfng kim loai nhu nhom, sat... pha tang cudng la nhung vat 
lieu phi kim hoac kim loai khac. 
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- Vat lieu chiu nhiet cao: cac cau tu co ban thudng la Mo 2 C, SiC, ZrB 2 Si 3 N 4 . 

- Vat lieu x6p co do xO'p khoang 25% thi' du nhu: 6 trupt tu boi tron, tam loc, mang 
loc xop (do xC'p khoang 35 -*■ 40%), xirang nhan tao... 

3. Mot vi du ve cong nglie che tao bae dong thanh 

ChuAn bj vAt lieu: Bac d6ng thanh gom co hai thanh pMn chu yeu la dong va thiec, 
ngoai ra con co cac chat phu khac nhim cai thifcn tfnh chat lam vi£c cua vat lieu va kha nang 
thieu ke't cua vat lieu, thi du graphit tang kha nAng boi iron, amoniac thay dbi mCi trudng 
thieu ket... B6t Cu san xuA't bang phuong phap di£n phan, sau do lam sach va phan loai. B6t 
Sn san xuat bAng each phun nude cao ap vao Sn long, sau do sA'y, lam sach va phan loai. 

Tron phoi lieu: dung ca hat Cu <150 pm 

Sn < 40 pm 

Graphit < 20 pm 

Cac vat lieu tr£n dupe tron deu bAng may iron canh gat hoac bang tay roi dua di ep 
dinh hinh, ap suat ep khoang 100 MPa. 

Say va thieu ket: d nhiet d6 khoang 800°C trong 15 phut. 

Cuoi Cling la nguyen cong sua, mai dam bao kich thude chinh xac. 

5.2. CAC PHITONG PHAP SAN XUAT B0T KIM LOAI 

1. Phuong phap co hoc 

* Nghien: Chi ap dung cho cac vat lieu gion thi du nhu phoi kim loai, cac loai oxyt, 
cacbit... Thiet bj nghien thudng la may nghien bi. 

• Tao bdt lir kim loai long: 

* Vdi nhdng kim loai co nhiet do nong chay nho hon 10000°C thi b6t kim loai dupe 
che tao bang each cho kim loai long roi )£n dla ly tam sau do bui kim loai vang vao nude, 
tao thanh b6t. 

- Vdi nhung kim loai co nhiet do nong chay cao khoang 1600°C co the tao bot bang 
each phun nude hoac khi vao dong kim loai long. Dudi tac dung cua ap lire va dong nang 
cua dong khi hoac tia nude, dong kim loai long se bi xe vun, hinh thanh cac hat bui nho sau 
do d6ng d&c lai tao thanh bot. Trong ky thuAt n£n dung cac loai khi tro nhu khi Nito, Argon 
de han che qua trinh oxy hoa kim loai. 

- Phuong phap “hieu ung hut”: nguyen ly giong nhu mo phun son, kim loai long bi hut 
theo dong khi nen va phut ra ngoai tao thanh bui, bui nay dOng dac tao thanh bot. 

2. Phuong phap hoa ly 

• Hoan nguyen oxyt: dung cac loai khi nhu H 2 , CO, C n H m hoac than de hoan nguyen 
oxyt cac kim loai, sau do ticn hanh nghien, tao b6t kim loai. Thi du, dung khi oxyt cacbon 
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di hoan nguyen v&y ren se thu dugc bot sat: FeO + CO = Fe + C0 2 . 

• Hoan nguyen cac Loai muoi bang kim loai. Thi du, dung Mg hoan nguyen Ti, Zr tir 
TiCl 4 , ZrCl 4 d 700°C se thu dugc bgt titan, bot ziecOn. 

• Dien phan: day la qua trinh ngugc vdi ma; thuc chat la tao ra mdt lop ma ra't xop, 
bam dfnh vao am cue. Chu ye'u dung san xuat bot dong: duong cue la Cu kim loai, am cue la 
thep khong gi; mat dd dong I = 20 A/dm 2 ; nhiet dd dien phan T° = 60 n C 

• Nhiet phan hay con goi la phuang phap carbonyl: Nguyen ly ca ban cua phuong 
phap nay la, phun khi CO ap suat 200 atm vao day Fe hoac Ni da nung den 150 -5- 250 n C. 
Dd'i vdi niken, san pham thu dugc la cacbonyl Ni(CO) 4 co nhiet do nong chay 6 43°C 
hoac dd'i voi sat san ph&m la Fe(CO) 5 chay 6 107 n C. Sau do dem nung len nhiet do khoang 
200 -5- 300 (, C, carbonyl se bi nhiet phan tao thanh hat kim loai co dubng ki'nh khoang 
1 -s- 50 Jim. 

• Phuang phap bay hoi: cho kim loai bay hoi trong khi tro hoac trong chan khong sau 
dd cho hoi nay ngung tu tren dla quay tarn silicon se tao ra kim loai sieu min cd hat khoang 
0, 01 + 1 pm. 

5.3. TAO HINH 

5.3.1. Tao hinh trang thai nguoi 

a. Ep bot (hinh 5.1) 

Day la phuang phap nen bdt kim loai trong khuon co b6i trail bang stearat kern. Khe 
hd giffa khuon va chay ep phai du nho, khoang 5 -s- 25 pm. N£u ep co ke't hap rung vdi tan s6 
16 Hz, bien dd 0,12 mm thi hieu qua con td't han nhieu. Luc ep cho chi tiet dac ra't Idn, phai 
dung may ep cd 400 + 600 MPa, doi veri bac xd'p thi co the dung may c6ng suat nho han, 
khoang 100 + 200 MPa. 

b. Ep dang tinh (hinh 5.2) 

Bot kim loai hoac bdt gom dat trong khu6n caosu deo, khu6n nay chiu tac dung cua 
luc ep thuy tinh ap sua't khoang 50 + 300 MPa do chat long thuy luc hoac khf tro gay ra 
trong binh ap luc. Sau khi ep, chi tiet dem di thieu ke't nSng cao mat dd va cai thien tinh 
chat ca hoc. Tifip theo, chi tiet co the dem di can, ren hoac ep nong di tao hinh chinh xac. 
Ngay nay ngudi ta con cai tie'n thie't bi bang each bo tri them day nung ngay a trong binh ap 
luc di co ihi lien hanh ep dang tinh dang nong dong thai vdi thieu ke't. Phuang phap thieu 
ke't bang ep dang tinh nhiet do cao co ddy du cac uu diem cua phuang phap thieu ke't bang 
ep nong, nghTa la co thi thieu ket dugc nhung vat lieu khd thieu ket ma kh6ng can hoac chi 
c&n mdt lugng nho chat phu gia trg thieu ke't nhung ap suat ep cao han tac dung deu tit moi 
phi'a, cho phep che' tao nhung chi tiet co mat do g^n vdi mat do ly thuye't, d6ng deu ve ca 
tinh va tinh nang su dung cao. Da che tao dugc hgp kim co mat do 99% so vdi ly thuyet 
bang phuang phap nay. 
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Hinh 5.1. Ep ngubi. 



Hinh 5.2. Ep nguoi dang tlnh. 


Ph£u bot 


c. Can bot kirn loai (hinh 53) 

Bot kim loai dugc cap tir phdu 
nhm gitfa hai true can. Qua he thong 
bang tai, bot se di vao khe giira hai true 
can. Chiu tac dung cua Iltc can, bot se 
lien ka't thanh dai hoSc bang. San ph^m 
ti£p tuc di qua 16 thi£u ket. Sau khi 
thidu ket, co the dem san pham can lai 
de tao hinh va cac tfnh cha't theo yeu 
c£u. Phuong phap nay ihuOng ap dung 
d£ che tao cac chi tiSt dang dai hoac 
bang, thi du san xua't bac lot tarn 
bimetal, cac bang kim loai bang dong, 
d6ng thau, d6ng thanh, niken re hon nhi^u so voi san xuat bang phuong phap c6 di^n. 

d. Ren bot (hinh 5.4) 



Hinh 5.3. Can bot kim loai. 



Hinh 5.4. Ren bot. 



Due Rot d<$ 



Thieu ket 


Hinh 5.5. Due rot d6. 
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Bot kim loai sau khi tao hinh so bd (nen va thieu kdt) duoc nung de'n nhiet dd thfch 
hop va dira vao khudn ren chinh xac. Phuong phap nay co ih6 che' tao nhflng chi tiet cd hinh 
dang phurc tap hon, chinh xac hon, cai thien mdt each ro rdt cac thudc tinh cua kim loai. Co 
th* khong cin gia cdng co khf tiep theo hoac co nhirng raft it. Tiet kiem duoc nhieu kim loai. 

Phirong phap ren bdt co nguyen ly tac dung luc khac han cac phirong phap khac. 
Trong tat ca cac phuong ph£p tao hinh khac, ap luc ep len bot tang ddn con trong phuong 
phap ren, mdt xung luc co toe dd rat ldn, tac ddng ddt ngdt len khtfi bot, co the len chat 
hoan toan khbi bot do, mat do ep co the dat 100%. 

e. Due rot do (hinh 5.5) 

Che tao huyen phu cua bot kim loai hoac bot gom trong nude pha chat khdng tao bot 
(anginat amon) va chuan dd pH sao cho huyen phu co do nhdt nho nhat, sau do rot vao 
khudn xop bang thach cao. Huyen phu phai co do nhdt thap de dien day khudn tot. Khudn se 
hafp phu mot it nude cua huyen phu va hinh thanh mot Idp vo cung tren be mat khuon. Khi 
chieu day chi tiet da dat yeu cau, phan huyen phii con lai se duoc rot do ra ngoai. Thao 
khuon va dem chi tiet di thieu ket. Phuong phap nay co nhugc diem la do ham lugng nude 
trong huyen phu kha ldn nen chi tiet de bi co ngdt khi thieu ket. 

5.3.2. Tao hinh b trang thaj ndng 

a. Ep ndng (hinh 5.6) 

La sir ket hop ca ep va thieu k£'t vao mot nguyen cdng, nhung doi khi cung co thieu 
kdt tiep thco de cai thien mot sff tinh chat nao do cua san pham. 

Bot kim loai do vao khudn bang gom hoac graphit roi ep tai nhiet do thieu ket de cac 
hat vat lieu kien ket lai vdi nhau va tang toe do thieu ket. Ep ndng lam cho san pham dat 
duoc do bln va mat do cao han so vdi ep nguoi cong vdi thieu ket nhirug thdi gian kco dai 
hon. Ra'i kho dam bao duoc ap suat dong deu trong cac bo phan cua san pha'm. Phuong phap 
nay sir dung chu yeu cho nhung san phAm co kfch thude qua ldn khong the ep ngudi va thieu 
ket duoc. 

b. Ep diin ndng 

Co ba phuong phap co ban duoc su dung. 

Phuong phap mot: Dd bdt kim loai roi vao budng ep ndng, ep true tiep qua 16 khudn. 

Phuong phap hai: Tron bot vdi mot ti le nhtra nhiet deo nhat dinh r6i dem ep d trang 
thai ndng trong khudn kin de tao hinh. Sau dd phdi ep duoc nung den nhiet dd cao trong 
chan khdng d& thoat nhua. Tiep theo la thieu ket de dat co ly tinh cuoi ciing. 

Phuong phap ba: Trudc het bot duoc ep so bo, sau dd dung la kim loai mong boc ben 
ngoai khoi bot dd (canning) rdi dem ep dun. Day la phuong phap thdng dung hon ca vi co 
the boc vo cho ca nhung vat lieu phong xa, vat lieu de phat hoa va iihiem biin ngay ca trong 
khong khi. Sau khi ep, dung phuong phap tarn thuc de loai bo ldp vo boc. 
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Hinh 5.6. Ep nong. 
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Hinh 5.7. Ep dun nong. 


S.4. THlfcU KET 

5.4.1. Nguyen ly 

Thieu ket nham lam tang nang luong be mat cua cac hat, lam cho toan b6 khoi vat lieu 
ket tinh lai, tao ca'u true mcii. Trong qua trinh thieu ket, xay ra hien tuong thay doi hinh dang 
va kfch thuoc cua phan ti£p xuc giua cac hat vat lieu theo xu huong tang dien tfch va the tich 
phan tiep xuc giua cac hat va do do he bi co ngot. D6ng thoi voi co ngot, cac nguyen tu be 
mat cung tham gia chuyen dpng trong qua trinh thieu ket. So nguyen tir di ra khoi phan I6i 
cua 16 xop bang s 6 nguyen tii di vao khc cua doan tiep xuc va nhu vay, tdng th^ tich cua 16 
xop khong thay dpi ma chi lam cau hoa cac 16 xo'p. Diem quan trong nua la cac hat vat lieu 
cung tai ket tinh trong qua trinh thieu ket do da dupe nung den nhiet do ket tinh lai. Day la 
ban chat cua qua trinh thieu ke't. Ket qua la, sau khi thieu ket, cac hat b6t kim loai lien ke't 
thanh mot khoi lien tuc co cac 16 xop, tao nen nhung tinh chat uu viet cho vat lieu. 

5.4.2. Cac pliirong phap thieu ket 

a. Thieu ket thong thuong 

Chi tiet sau khi ep tao hinh duoc dua di thieu ket trong 16 co nhiet do va m6i truPng 
thich hop. Th6ng thuong sau khi thieu ket citn phai tien hanh ep chinh hinh hoac ep lai de 
dam bao co tinh cho chi tiet. Nhiet d6 thieu ket bang 2/3 + 3/4 nhiet dp nong chay cua kim 
loai nen (tinh theo nhiet d6 Kelvin); thefi gian khoang 15 -s- 120 phut. Ket tinh lai 6 b6 mat 
xay ra 6 nhiet do bang 0,3 * 0,35 nhiet do nong chay cua kim loai nin. Khi thieu ke't a nhiet 
d6 khoang 0,75 4- 0,85 nhiet d6 nong chay thi hien tuong ket tinh lai co chon loc xay ra r&'t 
manh liet, trong cac hat co sap xe'p lai t6 chuc. 

Moi trudng thieu ke't co the la khi hoan nguyen nhu H 2 , CO, NH^; khi trung tinh N 2 , 
He, Ar hoac chan khPng. 

Khi thieu ket san pha’m bao gom nhicu ca'u tir thi co the xuat hien pha long. Trong 
trubng hop nay, thanh phan pha long khong dupe vupt qua 30% the ti'ch khdi bot ep de dam 
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bao dugc hinh dang cua san pham khOng bi bid'n dang trong qua trlnh thieu kdt. Do dac did’m 
cua bOt va tinh chat cua vat lieu ma se xay ra hidn tugng co ngot khi ihieu ket. The tich co 
khoang 5 -s- 25%. 

b. Thieu ket du&i dp luc 

- £p nong a nhiet d6 cao toi 1500 * 2500°C, irong khuCin graphit, ap luc ep 30 MPa, 
dat d6 sit chat 95 * 98% thucmg dung cho hop kim curng cacbit, borit, nitrit. 

- Ep nong 6 nhiet d6 trung binh 800 1100°C, trong khu6n kim loai chiu nhiet, ap luc 

ep 200 MPa, trong m6i trudng bao ve hoac chin khong. 

c. Thieu ket dudi ap luc bdng phong dien (hinh 5.8) 

Dat bot kim loai hoac chi tidt da dugc tao hinh so bo vao khudn bang graphit nam gifra 
hai chay ep. Ban than hai chay ep nay lai chfnh la dien cue. Cap dien cho didn cue dong thcri 
tid'n hanh ep mau. Nhung tia lua ddu lien phat ra tu dien cue se loai bo cac chat ban trdn be 
mat hat kim loai. Tidp tuc duy tri dong dien khoang 10 giay de tao nang luong thidu ket cac hat. 
Tidp theo co th£ dem san ph&m di ep thuy luc dd nflng cao mat do va ti'nh ch£t cua chi tidt. 





Hinh 5.8. Thidu ket bang tia lua dien. 

Ngoai nhOng phuang phap thieu ket noi trdn, con dung mot phuemg phap mcfi la ep 
nong dang tinh. Nguydn ly cua phuong phap nay la, dung khi nito hoac khi' argon ap suit 
100 -s- 200 MPa nen Idn khoi bot a 1000 * 1500°C trong vai phut. Phuong phap nay chd' tao 
dugc cac chi tidt khdng co xop. 

Mot s 6 san pham kim loai bdt dien hinh: bac dong - graphit cho cac loai quat hidn 
nay: nap 6 true bang hgp kim bot co so thep nang suit 5000 tan bot/nam thay gang cau cua 
ddng co V6 hang C.MC dat mat d6 6,6 g/cm^, cr b = 45 daN/mm 2 , 70HB. 
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Chuang 


HAN KIM LOAI 


6.1. KY THUAT LAP GHEP 


Ngay nay cac san pham d£u la ket cau lap ghep noi nhieu chi tiet vcti nhau. L;\p ghep 
co nhieu iru diem: co th£ ket hop dung nhieu loai vat lieu mot each hop ly, co the su dung 
cac chi tiet tieu chuan de lap ldn, dd ttfn kern ve che tao d6 ga va trang thiet bj, hi£u qua 
kinh te tong hop cao. Vdn de la 6 ch6 dimg ky thudt ndi ghep nao trong cac each sau: 
plurong phap co. plnrong phap nhiet hay dan dmh. 


PInurng phap co: Ghep mong d d6 g6, bdt chat co hoc bdng bulong, chot. tan rive, kep 
doi voi kim loai. Phuong phap ghep co hoc kh6ng lam thay doi co U'nh chi tiet ndi, song 
cung can chu y qua trinh an mon 6 moi ghep cua hai loai vat lieu khac nhau khi co chat dien 


ly tuong irng, vi du gifra nhom va silt. 


Hi nit 6.1a. Cac moi ghep co hoc: 
a- Ghep bdng bulong; 
b' Ghep bang dinh tan rivS; 
c- Ghep bdng kep vong; 
d- Kep dan hdi; 
e- Kep dan hoi mat diiu; 
f- Kep vong chong xoay. 



Phitcrng phap nhiet: Han ren, han due va dac biet ky thuai hail (han chay va han r&n). 

PhiMng phap dan dinh: Phuong phap nay dung phd bien trong hang khong, oto, xi\y 
dung. Thbi co dung keo dong vat, thuc vat gom arabic cho do g6, dan vang la; nay vAn dung 
keo ihien nhien va nhan tao. vo co va hCru co: h6 bot, cao su, silicat, bitum. Chat luqng dan 
ngay mot cao nho co nhieu ho polyme. 

• Dong ran nho chat xtic tac: cyanoacrylat nho am 6 be mat; 
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• Dong ran nhd nhiet: phenol phomaldehyt, PVC... 

• Dong rdn nhd boc hoi dung moi: PVA nhd boc hoi nirdc; cao su nhd hoc hoi dung 
m6i hfru co; 

• Dong ran nhd chat dong rdn: nhua epoxy, urethan dong rdn nhanh. 

Noi chung nhua dan dinh co gia thanh cao, tudi tho ngdn, nhiet do lam viec thap, khi 
nhiet do cao hon 80 + 100°C thi d6 ben giam manh. 

6.2. KHAI QUAT vfi KY THUAT HAN 

Phirong phdp hdn 

Phuang phdp han la phirong phdp ghep chat khong thao dirge. 

Vi han la phirong phdp ghep chat 
khOng thao dirge non dd cho moi han 
lidn ket tot, trade het phai chudn bi va 
lam sach mdi han. 

Voi la kim loai cd chi^u day nho 
hon 3 mm thuong dung han thicc, han 
bac, han dong. Muon moi han co do ben 
cao thi cac la phai dat chum len nhau 
mdt khoang bang bon kin chieu day, vdi 
dong la thi khoang each do vao khoang 
2 + 2,5 chieu day nlurng khong qua 20 
mm d£ tranh hop kim han kho chay 
tham vao be mat tie'p xiic. Voi dan dinh kim loai cung phai dirge xu ly giong nhu tren. 

V6i taim kim loai day tCr 3+12 mm: can phai noi dan hoac chudn bi moi noi kieu chir 
V di han dirge ngau. 

Muon dinh ngau phai lam sach be mat han bdng each: 

- Co hoc: chai, mai giay nham; 

- Tay dau mo bdng dung moi; 

- Khir oxyt, ngdn oxy hod tiep be mat kim loai bang tig dung: thuoc han ZnCI 2 voi han 
thifcc, borax (han the) vdi han dong, trg dung han voi thep. 

Khi han, nhiet dd vung han nfmg len cao rat nhanh, roi lai dugc lam ngugi rat nhanh 
bang chmh kim loai xung quanh moi han. tire ta xay ra hien nrgng toi kim loai vung han. Bdi 
vay kim loai bi bien cung. Mat khac, do co chenh lech nhiet do xung quanh moi han, se lam 
xuat hien ung suat du tai vung han cung lam cho kim loai han thay ddi tinh chat, chu yen la 
do cling m6i han. 



{ j y, Ho quang 
'uX" hoac ngudn 
nhiet han 



Ilinh 6.1b. Can tao moi han. 
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Han thiec (soldering) 

Hop kim him (filler) co nhiet dd nong 
chay nho hon 450°C chav vao khe mao dan. 

Nhiet cimg cap la nhiet cua ngon lira den xi, mo 
han hoi hoac mo han dong (soldering iron). 

Dung han day ddng trong ky thuat dien, han l6n 
mong. 

Flan dong (brazing) 

- Hop kim han co nhiet do chay nho hon 
450°C, trade day thudng dimg hop kim bac 
(silver solder) co pha them ddng va kem de 
nang cao do ben cua hop kim han, co khi them tori 20% Cd de ha nhiet dp chay. Tuy nhien 
Cd la nguyen t6' nguy hidm doi vdi stfc khoe con ngudi. 

- Han dong thudng dimg trong hail do my nghe, ngay nay dung hop kim han d6ng co 
ham lirpng nguyen to Zn va P cao va cho dd bdn lot hon. Dimg loai hop kim him nay de him 
thep (ong tube xe dap, raccord), han dao hop kim cimg... 

- Vdi A1 rat kho him, muon han phai dung hop kim han dac biel. 

Ve nguyen tdc, phai tao hop kim han cd nhidu cimg tinh de chay, phoi hop vdi viec 
dimg tro dung trong qua trinh him. 

6.3. CAC CONG NGHE HAN (WELDING) 

Cd nhieu phirong phap him tuy thuoc vao each phan chia. Dieu quan trong ia phai 
dung nhfrng nguon nang lirpng niio de cd the dd dang khdng che, kiem tra dupe qua trinh 
dong Choi tao ra moi him chat lirpng cao. Cac nguon nang lirpng cd the dung: hd quang dien, 
kill chay (oxy-axctylen, oxy-hydrogen), phan ting hoa hoc phat nhiet, chat nd, tia laze, tia 
dien tir. 

6.3.1. Han ho quang 

6.3. LI. Khai mem 

Ho quang lit hien tirpng phong dien giua hai dien cue trong moi trudng khong khi 
dupe oxy hoa. Ngon lira ho quang cd nang lupng rat ldn kem theo sir phat siuig ciing cac tia 
hdng ngoai, tia tir ngoai, tia cue lim... Cac tia nay gay bong da, viem milt, 6 nhiem moi 
trudng xung quanh. Muon gay hd quang, cho que han (la cue thi'r nhat) chain vao vat han (cue 
thfr hai) trong khoang 0,2 s roi nang que han len de tao su phong dien trong khong khi, sau 
dd gift nguyen khoang each 2^-5 mm de hd quang bn djnh. Phat minh nay ra ddi tir gifta the' 
ky 19. Ngay nay cd the‘ dimg ca dong dien mdt chieu hoac ca dong xoay chieu (DC vk AC) 


Khi va oxv 



Hinh 6.2. Nguyen ly him thiec. 


127 




de tao h6 quang nhiet d<5 len tdi 30000°C, cao han ca nhiet do ngon lira oxy - gaz. Dac diem 
cua ngon lua h6 quang khi 6n dinh la di£n the khong phu thudc vuo cudng do dong dien ma 
phu thu6c vao chi£u dai ho quang. 

U = a + b./ 

Trong do: a - dien th£ roi tren hai cue; b - dien the' roi tren I don vi chi4u dai ho quang; 

I - chieu dai ho quang. 

Dien cue han: Co hai loai dien cue han. M6t la. dien cue khong nong chay. Dien cue 
nay chi co lac dung gay ho quang. Hai la. dien cue nong chay, htnh 6.3 hay con goi la que 
han. Co hai loai que han, que han khong co vo boc va que han co vo boc. Que han khong vo 
hoc chi co tac dung gay ho quang va b6 sung kim loai cho viing han, viac bao vc moi han 
phai dung mot thitft bi khac cung ca'p, thi du m6t voi phun khi chuye'n dong cung voi que 
han. Que han co vo boc bao g6m loi kim loai co dudng kfnh 1 -s- 6 mm co thuoc boc ben 
ngoai. Loi kim loai co tac dung gay ho quang va b6 sung kim loai cho moi han. 



Minh 6.3. Dien cue han nong chay (que han). 


Thu6c boc que han co tac dung 6n dinh sir chay cua ho quang, hop kim hoa moi han, 
tao khi va xi bao ve cho vung han. Thanh phan thude han thuong co: 

- Chat ion hoa nhu phan, kiem... 

- Chat tao xi nhu caolanh, borac; 

- Chat tao khi nhu tinh bot; 

- Chat khu oxy: nhom, cac fero hop kim; 

- Chat dinh ket nhu thuy tinh long... 

7.3.1.2. Nguon dien han 

DiSn the han phai dam bao cac yfeu cau sau day: 

• Du Ion d£ gay h6 quang nhung kh6ng vuqt qua gioi han co the 
ngudi sir dung. ThOng thudng dien ap han khoang 60 -v- 80 V. 

- Di6n the nguon cua may han phai thay doi nhanh phu hop v6i sir 
quang de on dinh sir chay cua h6 quang. 

- Khi dung dong xoay chmu thi dien the va dong dien phai lech phu nhau de h6 quang 
khong bi tat. 

- Dong dien han co the dieu chinh phan cap hoac v6 cap. 


gay nguy hiOm cho 
lhay d6i dien trd ho 
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6.3.1.3. Han ho quang lay 

Doi vai phuong phap han nay, can xac dinh ductng ki'nh quc han va cuang do dong 
dien han... Dirdng ktnh d cua que han phu ihuoc vao chieu day vat han va tinh theo cong 
thtfc thi/c nghiem: 

Han gulp moi: d = S/2+1 

Han goc, chir T: d = K/2 + 2 

Cudng d6 dong dien han (I) phu thn6c vao ductng ki'nh quc han, vat lieu han va, vi tri 
han trong khdng gian. Chidu day vat han lan phai tang cuang do dong han. Han sa'p co the 
dung 1 !an han han dirng hoac han ngang, han trail dung cuang do dong han I nho hon ca. 


6.3.1.4. Han hd quang tu dong 


I. Han hd quang dien et/c kim loqi co vo hoc 
SMAW (Shielded Metal Arc Welding): 

- Que han kim loai la dien cue lieu. 

- Vo hoc que han co tac dung each dien. giup 
duy tri h6 quang lien tuc, tao khi va xi bao vc, ngan 
khong khi oxy hoa kim loai, tinh loc kim loai, khu 
oxy, tao td churc min; co thd con co them nguyen to 
hop kim, chie'm 10 + 50% khoi luang kim loai. 




- Cuang do dong dien han 
50A + 300A. cuemg d6 dong thap 
thi kh6ng lam (long chay het 
vung han, cao thi pha huy vo boc. 

- T6'c do han 14 + 27 
g/phut, veti I = 100 A. 

- Han tain day 3+19 mm; 
han nhieu lap. 

2. Han ho quang lien tuc 
ditai lop xi bao ve SAW 
[Submerged Arc Welding) 



Hinh 6.4. Han ho quang thudng. 


Difin cue phong ho quang 

lam chay long kim loai han va cung lam nong chay chi'nh que han, bd sung kim loai cho 
vung han. Nhiet cua kim loai nong chay lam cho lap xi bot phfa tren vung han nong chay va 
chc phu vung han trong suot thcri gian han. Lop kim loai long da duqc xi long bao ve. 


- Hat trq dung thuefng la CaO, Si0 2 , MnO. CaF 2 cung vai kim loai khu oxy, kim loai hop 
kim hoa. 
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- Dien cue day 0 1,5 4 - 10 mm, cap tu dong vcfi toe do 5 m/phut. 

* Toe do hail 16n gap 4 4- 10 ldn so v6i phirong phap SMAW, cucmg d6 300 4- 2000 A. 

Phuong phap FCAW (flux - cored arc welding) dung dien cue ong 0 (0,5 4- 4), h6 
quang 6n dinh, tien lpi han. 


ilinh 6.5. 

I Ian h6 quang dudi 
16p xi bao ve. 


Xi bot 



3. Han co khi tra bao ve GMAW (Gas Metal Arc Welding} 

Trong qua trinh han, phun khi Ar, He, C0 2 .„ boc quanh cue kim loai, nhu vay khPng 
can chat tra dung, khong tao xi trong qua trinh han; thuang dung han kim loai co hoat tfnh 
cao nhirTi, Al. Vai thep khong gi d£ sinh r6 xop. Dung khi C0 2 d£ bao ve till re hen, dung 
d6 han thep cacbon, thep hop kim thap (dien cue nen co chat khu oxy nhu Mn, Si, Al, Cr). 

4. Han dien xi ESW (Electro Slag Welding) 

Hai vat han so (1) dupe noi vai nhau bai moi han (2) do 
vung han (2) duefi lefp xi (3) ddng dac. Hai ben vung han co 
tarn chan duac lam nguoi bang nude. H6 quang (4) lam nong 
chav dien cue (5) d6ng thcri vcfi ldp xi (3)7 Giot kim loai long 
khi di qua 16p xi se duac tinh luyen rdi rai xud'ng vung han va 
dong dac. Co th£ him lam day 50 4- 900 mm, chat lupng tot, 
di£n ap 40 4- 50 V, cucmg do 600 A, toe do 12 4- 36 mm/phut. 

Lap xi day, xi dan dien; h6 quang em, nhict do dien tra cua 
dong dien qua xi long nhiet do 1925°C, kim loai chay dupe 
ioc qua xi long. 

5. Dien ctfc khong tien (hinh 6.7a) 

Nguyen ly: Mo han (2) bang W khdng nong chay dupe noi vdi cue am, chi tiet han (5) 
noi vcfi cue duang cua ngu6n dien. H6 quang giua mo han va chi tiet lam nong chay que han 
(1), b6 sung kim loai cho m6'i han. 


1 
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Dac diem: - Dien cue khong bi lieu hao rrong qua trlnh han; 

- H6 quang on dinh khi dong on dinh; 

- Kh6ng can tre dung; 

- Day hoac que kim loai han dua vao ben canh va khong noi dien; 

- Chu y Iranh de kim loai long bam vao dien cue W se ngdt dong (khong 
lien tuc). 




Hinh 6.7. a) Han di£n cue khong tieu; b) han co khi bao ve. 

6. Han ho quang clung dien cue Tungsten co khi tv a bao ve 

Trudc kia goi la TIG (Tungsten Iinert Gas Welding) nay goi la GTAW (Gas Tungsten 
Arc Welding). Khi bao ve co thd la khi tro (Ar, He) hoac khi hoat tinh (CO, C0 2 , H^...). 
Dien cue han co the la nong chay hoAc khong nong chay. Ho quang chay trong moi trubng 
khi bao ve tao cho moi han hinh thanh co chat luqng cao. 

7. Han ho quang plasma PAW (Plasma Arc Welding) 

Han h6 quang plasma PAW co the dal nhiet d6 33Q00°C. 

Plasma la trang thai thtr tu cua vat chit, bao gom ca ion, ditin tir, nguyen tu va phAn tu 
khi (rung hoa ve dien. Tao plasma bang each phong h6 quang qua khe hep r6i phun khi qua 
kite hep do se hinh thanh trang thai plasma. Cho dong tia nay tap trung chui qua 16 nho, tao 
thanh chiim tia gia edng. 

- Sung plasma cong suat nho c5 20-1-150 kW, dung de phun, cat. 

- Plasma nay da duqc tu dong hoa cao, dieu khien bang may tinh, dung trong luyen 
kim, san xuat Ti0 2 , C 2 H 2 , th6i vao mat gio 16 cao. 

Dac diem han plasma: 

- tap trung nang luqng tot, mot han hep, s&u; 

- ho quang on dinh, cudng do co 100 A; 

- it nut, toe do han cao, khoang 120 4- 1000 mm/phut. 
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6.3.2. Han dien fra 

Han dien tro dung cho ta'm, la kim loai. Nhiet tao ra do dien tro a ch6 tie'p xiic. Thdi 
gian han ngdn, dien ap thap, cubng do dong cao, co them lire ep sail khi xung dien da lam 
kim loai dmh nhau. Han la thep la chi'nh. Han la nhom can cirdng d6 dong dien cao, nen cue 
bj mon qua nhanh 

l. Han diem (Spot Welding) 

Nguyen ly: Cac chi tiet han duoc ghep ch6ng len nhau, dung hai dien cue nung nong 
diem han, dung ltrc ep chat cac tarn han lai vdri nhau theo tirng die’m. Hai dien cue co the bo 
tri ve hai phfa nhu hinh 6.8 lihimg cQng co the bo tri ve chng mot plu'a. Neu hai cue ndm 
cimg mot pln'a thi m6i lan han, han duoc hai diem. Cyc han che tao bang vat lieu dan dien, 
chiu nhiet, co do ben cao va phai co bo phAn lam nguoi dien cue. 



Hinh 6.8 . Han diem. Iiinh 6.9. Han dudng. 

2. Han dudng (Seam Welding) 

Nguyen ly: Dien cue hinh dla quay lien tuc, vira nung nong vira ep vat han lai vdfi nhau 
de tao thanh dudng han kin. Co the han nhtfng lam mong (t6ng chieu day co 4 mm) hoac 
dung han nhung chi tie't kin khi nhu han tu lanh, han ong. 

6.3.3. Han hoi 

Nguyen ly 

Han khi la phuong phap han dung nguon nhiet sinh ra bdi h6n hop khi chay khi tac 
dung vefi oxy de nung nong m6'i han den nhiet d6 nong chay. Thuang dung han cac vat 
mong, de nong chay. 
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Ddc diem 

- Ngon lira han hoi khOng tap trung, nhifct dp ngon lua tha'p han ho quang. 

- Dung nung cue bp ket hop vPi han. 

- Dung cho han brazing, han v&t mong, nhiet dp thiip, tranh dupe nun. 

Khihan 

- Khf ga cho han dp kim hoan. 

- Khi chay co the’ dung khi than da, hydro, metan, CH 4 C 6 H 6 , axetylen... trong do khi' 
axetylen dirpe dung rong rai nhat. Khf nay khi chay cho nhiet lupng khoang 11470 cal/m 3 va 
nhiet dp co the dat tdi 3150°C. 

- Kill hydro II 2 + 0 2 dung khi han Pb, Al, Mg. 

Tmh chat cua ngon lira him phu thupc vao ti le pha tron giua khi chay va oxy. 

Thi du han bang khi oxyaxetylen. Phu thupc ti le 0 2 /C 2 H 2 = m, co ba loai ngon lira han: 

+ Ngon bra binh rhirdng: m = 1,1 +■ 1,2. Ngon lira g6m ba vung rd ret, vung nhan hinh 
bup da mau trdng, nhiet dp thdp, khong the dung dc han dupe. Tiep theo la vung cOng tac 
mau xanh lam. Vung nay co nhiet dp cao nha't, san phdm chay gom khi CO va H 2 , hay con 
goi la vung hoan nguyen vi 6 day co phan urng chay: C 2 H 2 + 0 2 = CO + H 2 + Q. Vimg ngoai 
cung la vung chay hoan toan, la duoi ngon lira, man n^u sdm, nhiet dp thdp, khong dung dc 
han dupe. 


+ Ngon lira oxy hod: m > 1,2. Day la 
ngon lira thira oxy, dimg han dong va hop 
kim dong. 
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+ Ngon lira cacbon hod: m < 1,1. Loai 
ngon lira nay dung de han gang hoi)c thep 
cacbon cao. 

Che do han khi 

+ Khac vai han ho quang, han khi chia 
thanh hai phuang phap: 

Hinh 6.10. Cau tao ngon lira han. 

- Han phai: la phuang phap han ma 

que han va mo han di chuyen tir irai qua phai, mo han di trupc, que han di sau. Do ngon lira 
han hirang vao moi han nen nhiet lupng tap trung, co the’ han dupe cac tarn day va vat lieu co 
nhiet dp nong chay cao. Tuy nhien, do ngon lira che lap moi han nfin kho dieu chinh m6i han. 



- Han trai: la phuang phap han ma mo han va que han dich chuyen tir phai qua trai, 
que han di truPc, mo han di sau, ngon lira hudng ve phia chua han do do nhipt lupng bi phan 
tan ra vimg xung quanh. ThuPng dung han t&m mong, vat lieu co nhiet dp nong chay tha'p. 
Phuang phap nay rdt dp dieu chinh mPi han. 
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+ Dudng kfnh d cua que han va vat lidu bd sung cho moi han thudng chon gid'ng vat 
lidu tarn han va dugc tfnh theo kinh nghicm: 

d = S/2 doi vdi han phat; 

d = S/2 + 1 dd'i vdi han trai. 

+ Goc nghidng cua mo han phu thudc chilu day vat han, chieu day cang idn, goc 
nghieng so vdi mat ngang cang tang. 

Han thep khdng dung trg dung, han kim loai mau thi phai dung trg dung de bao v6 
moi han. 

6.3.4. Cac phirong phap han nong chay khac 

1. Han laze - LBW (Laser Beam Welding) 

Laze la anh sang phat ra trong qua trinh khuech dai tia buc xa ktch thi'ch dien tir. Khi 
dung tia laze de han, md'i han ben, manh, ti le (chieu sau / be ngang) moi han rat nho chi 
khoang 4 10. Td'c dd han cao, co the dat tit 2,5 m/phut tdi 80 m/phiit vdi kim loai mong. 

Dimg cho ky thuat dien tir va cho cac loai vat lieu nhir thep, chi, gom.. 

Khi chi6u tia laze vao cho han, chum tia laze t&p trung a mdt di£m xuyen s&u vao kim 
loai lam kim loai bdc hofi, tao gieng sau kim loai long bao quanh cdt hoi kim loai. 

Dung laze nang lugng tha'p phat bdi rubis (corindon) hoac h6ng ngoc luu (Y - Al). 

U*u diem cua han laze so vdi han tia didn tu: 

* C6ng nghd don gian han vi tia laze truy^n qua khong khi, khong edn chan khong nhu 
han tia dien tir; 

- Khong tao tia X nen l't gay nguy hi£m cho sue khoe con ngudi; 

- Chat lugng md'i han cao nhu nhau. 

Chu y: Do tia laze co kha nang tap trung nang lugng cao nen khdng dugc chieu true 
tiep vao co the con ngudi, ra't dd gay nguy hiem doi vdi mSt va da. 

2. Han tia dien ti( EBW (Electron Beam Welding) 

Dimg ngu6n nhidt cua electron tang toe bdi didn trudng dat toe do cue cao (toe do 
cang cao cang dam sau) va tu thanh tia manh nhd trudng tinh dien hoac dien tir. M3y co 
edng suat cd 100 kW. Dien ap tir 5 -s- 6 kV, co khi len tdi 100 -s- 200 kV. Co the han tir gia'y 
kim loai tdi v4t day 150 mm (day hon LBW). 

Trong ch^n khdng cao, co the han vat co chi6u day 0,1 -s- 0,01 pm; 

Trong chan khdng vifa, cd the han dugc vat day 50 4- 300 pm. 

Khong dimg chan khdng ma dimg khi tro hoac khong khi thi chi ban dugc vat day vi 
khi do tia se ma't nang lugng do di6n tir va dap vao nguyen tir khi. 

Ca hai phuong phap LBW va EBW dimg trong ky thuat hang khdng, tdn lira, nguyen 
tu, vi mach, banh rang va true dtd. 
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3. Cac phtfang phap han figuoi khac 
Han no (hinh 6.11) 

Nguyen iy: vat han (2) dat tren ga (1), ngoi no (5) va thud'c no (4) rai deu tren tam han 
{3> nghieng mdt goc a so vdi vat han. Thud'c nd chay theo chilu trai sang phai vdi tdc dd rat 
nhanh, ep tam han xuo'ng vat han, nang luong va dap va tham lhau se tao nen md'i han. Dien 
itch han co the ldn toi 6 x 2 m. Dudi ap sua't ldn, be mat kim loai tiep xuc tao dinh dan cac 
nguyen tu. 



Hinh 6.11. Han nd. Hinh 6.12 . Han ma sat. 

Ap suat nen tuc thoi co th i dat tdi nhieu trieu N/m 2 , toe do truyen nd 2400 + 3600 
m/s. Co the han Al vdi thep, Ti vdi thep (a tau Apollo). Trong moi han thudng tao 
intermetallic don a nhiet do cao cho ndn vat lieu can co dd deo, nhurng vat lieu qua don 
khdng nen dung phuong phap nay. 

Han ma sat (Friction welding, Inertia welding) 

Nguyen ly (hinh 6.12): mot chi tiet cd dinh, chi ti£t edn han thi quay dong thdi tiep 
xuc vdi chi tiet cd dinh, ma sat se co tac dung tao nhifit, loai bo oxyt va lam mat nhap nhd d 
be mat tiep xuc. Khi nhiet do du cao thi dung ddt ngot va ep hai chi tiet lai vdi nhau, se co 
sir han dinh deu d moi chd. 

Dung de han ong tdi 0 250, thanh co 0 100; toe do quay dai 900 m/phut. Han true 
thep mdm vao mui khoan thep gio, han dong vao nhom. 

Can lan (can nguoi hoac ndng d nhiet dd = 0,5 nhiet dd ren) 

Dung han dinh la Al vao hop kim Al. 

Hai b6 mat vat lieu tiep xuc neu chiu bidn dang (dap bua hoac va dap toe do cao bang 
luc dien tif tao bdi dong ldn trong cuon cam, nd, ep ngudi...) thi oxyt d be mat ran vd va de 
Id kim loai sach de han dinh vao nhau. 

Tan bang bua khi lam hang tam khf, nam la vang, bac 6 d6 ddng. 
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Han sieu am 

Han sidu am d tan so 10 -r 75 kHz. 


Rung dong vdi tin s6' cao d be mat tiS'p xuc se pha vo mang oxyt va tang nhiet do do 
ma s&t. Sau do tie'n hanh ep hai chi tidt Lai voi nhau se tao su han dfnh. Dung cho chi tiet nho 
bang kim loai va polyme. 


Han dfnh nhiet dp 


Chi tiet 1 jL 


Li) 


Day dong duoc nung nong 200°C bang di£n trd cua dau ep dtft nong theo nguyen ly 
dien trd hoac dot chay dau day bang lura H 2 . 

Han dink khuech tan (Diffusion Bonding) 

Nguy£n ly: Hai be mat han duoc lam sach va 
ep chat lai vdri nhau dong thdi nung nong vat han. 

Qua trinh khuech tan 6 trang thai ran se tao nen moi 
han. Trong vu tru, cac bd mat that sach khi ap sat 
vao nhau khdng can ap suat cung han dfnh (cold 
bonding) 

Nhom neu duoc loai bo ldp oxyt tren be mat, 
cac hop kim Cu. Ni, Be, Ta, Ti, Zn, nhung kim loai 
hoat, khi ep lau d nhiet do cao (thi du A1 450 + 500"C 





Chi tiet 2 
Hinh 6.13. Han khuech tan. 


trong 4 gib) se co khuyech tan lam md't mat phan each, tao tinh gidi mdi hinh thanh nen sir 
han dfnh khong chay cua kim loai. Gitfa cac mat tiep xuc co the co la kim loai trung gian 
hoac duoc ki'ch boat d dang ma di£n hoSc phu bang phuong phap bde hoi de tang kha nang 
khuech tan. 


NhiJng van de chat luefng han: 

- Vung quanh moi han bi nung nong sc hoa rdn, don khi bi lam nguoi nhanh; 

- Co urng suat va bien dang du 0 vat han (can u 650°C roi de nguoi chant); 

- Ngudi nhanh se tao nen hat mjn, khong thien tfch; 

- Co nut nong d mdi han; 

• Cdn tranh va kh6ng ddng vao vat han lam vat han bien dang luc dong dac; 

• Them Mn de ket hop voi S d thep; 

• Chu y tci thiet ke va trinh tu han; 

- Khong co ro co ngot; co the co bot khi do C tac dung vdi oxy trong thep, khi tro. 
6.3.5. CiU kim loai 

Nguyen ly: Dung nhiet cua ngon lira khi hoac ho quang lam nong chay kim loai can 
cat. Ban than khi cdt hoac ho quang se thdi bat phdn kim loai da nong chay ra khoi vung cdt. 
Co the cat duoc mach kin hoac ho, dudng cdt phtic tap, cat duoc vat co chieu day Ion. 
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Cal bang mo cdt khi khong cdn chi'nh xac ve kich thirac. 

Co the cdt thu cong hoSc cat tu d6ng. 

Cat oxy 

Dung cat thep mdm: cdt lam 25,4 mm; toe dd 46 cm/phut. Lo oxy 0 1,51 mm, ap suat 
khi oxy khoang 240 kPa, luong ti£u td'n 4, 25 m 3 /h. 

Dd co the cdt kim loai bang khi edn phai co nhung dieu kifin sau day: 

- Nhiet do nong chay cua oxyt nho hon nhidt do nong chay cua kim loai tao ra no; 

- Cac phan tfng xay ra trong qua trinh cat phai sinh nhiet de duy tri qua trinh cdt; 

- Do ddn nhidt cua kim loai vat cdt nho; 

- Do chay loang cua oxyt cao. 

Nhir vay khdng phai kim loai nao cung cdt dirge d6 dang. Voi thep hap kim cao, thep 
khong gi phai dung phuong phap dac biet co phun tro dung hoac bot Fe Idn trong oxy tao 
oxyt Fe lam giam nhiet do chay cua xi. 
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Chirong 


AN MON VA BAO VE KIM LOAI 


Dinh nghia: An mon la su phi hoai cac tt'nh chat ly hoc, hoa hoc, co hoc va hinh dang 
cua chi tiet; chu yeu la thay doi trang thai oxy hoa cua kim loai, oxyt, ban dan. Can cit vao 
moi trirdng va ca ch£ cua sir an mon kim loai, ngudi ta phin thanh hai loai chfnh, an mon 
hoa hoc va an mon dien hoa. 

An mon hoa hoc la sir pha huy kim loai do kim loai phan ung hoa hoc vdi cac chat khi 
hoac hoi nude. Ban chit cua an mcm hoa hoc la qua trinh oxy hoa - khu trong do cac 
electron cua kim loai diroc chuydn true tiep sang moi trirdng lac dung. 

Thi du: 3Fe + 4H 2 0 = Fc 3 0 4 + 4H 2 

2Fe + 3CK = 2FeCl 3 

An mon di6n hoa la sir pha huy kim loai do kim loai tiep xiic vdi dung djeh chat dien 
ly va tao nen dong dien an moil. 

Trong cac lTnh vuc nhu; dien hoa, luyen kim, vat ly, hoa hoc va sinh hoc deu lien quan 
den qua trinh an mon. An mon gay tcSn that tdi 4% tdng gii tri san phdtm GDP cua the gidi. 
So lien nay chi dung de mua sim cac thiet bi thay the moi va chi cho viec bao ve kim loai, 
chdng an mon. Ngoai ra, an mon kim loai con gay hau qua gian tiep la giam gia tri san 
phim, 6 nhmm m6i trudng. 

Nhiing lTnh vuc quan tarn dac biet tdi an mon la 16 phan ung hat nhan, thiet bi dien tu 
dung mang mdiig, vat lieu tir, vat lieu quang, ban din...; oiig din cua cac be chura ngam; 
thiet bi xir ly nude, nha may dien, nha may loc dau, duang ong din dan... 

Lint y: An mon xay ra nhanh d m6i tnrdng im; an mon kho xay ra d nci kho rao. Di£u 
nay the hien la oto d chau Phi ben liu hem chiu Au. CJ chiu Phi, vet xude kim loai vin sang 
bong va sau vai thing vin khong bi gi. Ccr che an mon chu yeu la an mon dien hoi. trong 
dung dich chtfa ca ion (+) va ion {-). Tin du, klidng khi co chira mudi d gin bicn; khong khi 
co H 2 S0 4 loang khi mua ax it se hinh thanh dung dich dien iv cd oxy hod fan. O nhiet do cao 
ca kim loai, vat lieu gom (ceramic) va ca polyme deu bi huy hoai do phan dug vdi oxy; 
ngoai ra, cluing con bi phi huy do biirc xa va vi sinh vat. 

Giao trinh nay sc gidi thieu ky qui trinh an mon dien hoi. 
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7.1. CO CHfe AN MON DlfcN HOA 


Dung dich 


Hinh 7.1. Co che an mon. 

Khi mot kim loai M tiep xuc vdi dung dich dien ly, se co hai qua trinh xay ra: 

Phan ting anot: (oxy hoa) M M n+ + nc 

Phan ting cal dr. (hoan nguygn hoac klu'r) X n + nc —► X 

7.1.1. Cac phan ung dien hoa 

a. Khong oxy 

Trong mdi trudng axil (pH < 7) 

Thi du: silt trong mdi trudng axit khong co oxy hoa tan: 

Fc —► Fe 2+ + 2e (phan ting anot) 

2H + + 2e —► H 2 (phan ung catdt) 

Fc + 2H + -► Fe 2+ + H 2 

b. Co oxy 

• Moi trudng axit (piI < 7) 

Vi du: sdt trong nude chtiu axit co oxy hoa tan. 

« Fe —*■ Fe 2+ + 2e (phan ting anot) 

0 2 + 4H + + 4e 2H : 0 (phan ting catot) 

• Moi trudng kiein (pH > 7) 

Thi du. sat trong moi trudng trung tfnh, thoang khf nhu nude bidn: 

Fe + 2C1 = FeCl 2 + 2e (phan ting anot) 

0 2 + 2H 2 0 + 4c = 40H (phan ting catot) 

San pham cud'i cirng: 2Fc 2+ + 40H" 2Fe(OH) 2 

Hydroxyt sat hai dl lang dong, khong b£n, d£ bi oxy hoa than It hydroxyl sat ba: 
2Fe(OH) 2 + H 2 0 + l/20 2 2Fe(OH) 3 

Hydroxyt sdt ba dd dang mat mdt ft nude dd tao thanh ldp oxyt xd’p khong On dinh co 
cong thtic: xFeO.yFcjO^.HjO. 

Sat rat de bi an man vi Fe Id dien cifc kep, tai do co cd hai phan ifng anot vd catdt. 


X n (chat phan ting catdt) 

I X (san phalm catdt) 
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c. Ho an nguyen ion kirn loai 

M n+ + ne —> M (phan ung catdt) 

Mot thi du thuc t£ la sir an mon cua gang, thcp trong khdng khi am. Trong trirdng hap 
nay, cac tinh Fe dong vai tro catdt con C la andt. 6 cue am, Fe bi oxy hod lhanh Fe 2+ va 
tan vao dung dich dien ly trong do da co mdt ft oxy va chung lai tiep tuc bi oxy hoa lhanh 
Fe + . N£u trong hoi nude co oxy hoa tan, d cue duang sc co phan dug 2H>0 + 0 2 + 4c = 
4(OH)“. Khdng co oxy hoa tan trong hai nude thi duang cue co phan ung 2H T + 2e = 

Cac tinh the Fe bi an mon lan luot tir ngoai vao trong. Sau mot thdi gian tiep xiic vdi khdng 
khf am. vAt bAng gang thep se bi an mon hdt. 

Nhu vay, trong m 6 i trudng dien Iy, neu co mat nguyen to khac anot hem sAt, sAt se bi 
an mon. Neu co mat cac nguyen to catdt hon sAt thi sdt khdng bi an mon. Thf du, sAt bi an 
mon khi co mat Cu, nhung khdng bi an mon khi co mat Al. 

7.1.2. Xu the an mon 


7A.2.1. Dien the dien cue 

Nhung kirn loai M trong dung dich dien ly chira ion M n+ , iudn luon co phan ung can 
bang gitra kim loai va dung djeh, khdng xay ra hicn tuemg an mon. 


M 


Oxy hoa 


Hoan nguyen 


M 1 


+ ne 


Nhu vay, kim loai la dien cue thuan nghjeh. Trong dung dich, Iren be mat kim loai co 
lap ion kep, tai vung nay ndng dd ion day dac va cao hon chd khac trong dung dich dien ly. 
O dien cue thuan nghich co dien the' can bAng dien ta bang bie’u thirc Ncrnst: 

RT 

C - E 0 + — log M 
nF 

Trong dd: E () - dien the chuan (25°C, a = 1 mol/1); R - hang so chat khf; F - hAtig so 
Faraday. 


Can xet va so .sanh dien th£ cAn bAng cua cac kim loai mdi biet duoc tinh 6a dinh 
nhiet dong cua cac kim loai va danh gia duoc xu the an mon cua chung. 

Thong thudng, de do the dien cue cua kim loai phai dirng each do so sanh, quy ude 
dien the' cua phan ting 2II + + 2e -» H 2 bAng 0 de lam chuan. Cho nen, neu noi rAng, dien 
the so sanh gifita Fe va Cu la 0, 78 V thi co nghla la: 

E = 0,78 V = E h / Cu - E h , Fc 

Neu nong do ion Cu 2+ va Fe 2+ khac 1 M thi tinh theo Nernst: 


E = E 0 + —7 In 


RT, 


nE a 


Cu‘ 
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Bang s6' lieu dien the chuan cua can bang oxy hoa - khu a 25°C n£u tren chi cho bi£t 
xu the an mdn\ con trong thuc t£, xay ra an mdn con phai co dong dien tCr chay phia ngoai 
va dong ion chay trong chat dien ly gifta hai cue (pin galvanic). 

Tat cd cac kim loai co dien the thap han dien the cua hydro se bi an mdn trong axit 
(khdng oxy) de giai phong khi H 2 bay ra. Dae biet, Cu co the dien cue cao han the dien 
cue cua H nen khdng bi an mdn; nhung neu trong moi tru&ng axit co oxy thi Cu cung se 
bi an mdn. 


Bang 7.1. The dien arc cua cac kim loai 


Kim loai 

Phan urng dien arc 

E° .V 

Au 

Au 2+ + 3e~ -+ Au 

1>5 


0 2 + 4H + + 4e~ -> 2H 2 0 

1,23 

Pt 

Pi 

1,20 

Pd 

Pd 

0,99 

Ag 

Ag + + e -> Ag 



0 2 + 4H + + e" -> 4 OH" 

0,40 

Cu 

Cu 2+ + 2e -> Cu 

0,34 

Thoat H 2 

2H + + 2e~ -> H; 

0,00 

Pb 

Pb 2+ + 2e~ ->■ Pb 

-0,13 

Sn 

Sn 2 

-0,14 

Ni 

ni 2+ 

-0,25 

Co 

Co 2+ 

-0,28 

Cd 

Cd 2+ 

-0,40 

Fe 

Fe 2+ 

-0,44 

Cr 

Cr 3+ 

-0,74 

Zn 

Zn 2+ 

v0,76 

Mn 

Mn 2+ 

-1,63 

Ti 

Ti 2+ 

-1,63- 

Ai 

Al ?+ 

-1,66 

Mg 

Mg 2+ 

-2,37 

Na 

Na + 

-2,71 


Tuy nhien trong thuc te van dung nhieu kim loai durng sau hydro de ma bao ve. Dieu 
nay con nhieu co che' phuc tap khac se duoc trinh bay a nhung phdn tie'p theo. 

Khi nghien cuu an mon kim loai cung can phai xet ttfc d6 an mdn. T6c d6 an mon la 
dai lucng khong phu thubc muc chenh dien the' giua catot va anOt ma chu yeu phu thuoc vao 
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dong an mon i am . Dong an mon thucmg la ham cua thcfi gian: i = f (i). 


Luang kim loai mat mat vi an mon m (g) cua anot kirn loai (co khoi luang nguy£n tir 
A) tinh theo dinh luat Faraday: 


m = 


nF 


g 


7.1.2.2. Ddnh gia an mdn 

- Danh gia theo trong luang: so gam kim loai bi an mon tren 1 dan vi dien u'ch trong 
1 ngay. 

~ , ,, 2 , , m | -m 2 

G (mg/dm .ngay) = —4—- 

St 

- ChiSu day bi &n mon xam nhap: Chieu day kim loai bi an mon tmh theo nam. 

S < 0,125 mm / nam : kim loai rat ben; 

= 1,125 4- 1,25 mm / nam : dat yeu cau chong an mon; 

> 1,25 mm / nam : kh6ng dat y6u ciu. 

Thl du: thep trong nude ban bj an mon 0,15 mm/iulm; 33 mg/dm 2 /ngay khi co dbng 
dien 1,3 mA/dm 2 . 

7.1.2.3. Cacyeu to anh hu&ng den dien the an mon va dong dien an mdn 
a. Dudng phdn cue va qua the rj 

Dien the cho a bang 7.1 la ket qua do khi mach hd, nghia la dong an mon bdng khong. 
Khi mach km, dien the catot E cau *„ giam, dien the anot E am -„ tang, tao nen qua the r|. 

Luu y rang, phai co qua the mdi co phan ting an mon. Khi dien tra cua dung dich riit 
nho (R = 0) thi dong an mon i an mon kha 16n. 



llinh 7.3. Can bang dien the catdt-an6t. 


Hinh 7.2. Nguyen ly do phan cue anot-catot 
(2) di£n cue chu&n hydro. 
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Phan cue la sir di chuydn di£n the khoi vi tri can bang khi c 6 dong di qua. Mac do xe 
dich do goi la qua the. Khi n6i mach, xuat hien dong didn trong mach va dung dich se dat 
trang thai can bang giua dien the catCt va anot. XuAi hitn dien the' an mon E am va tueng irng 
la dong an mon i am . 

b. Thu dong hod 

Nam 1835 Faraday phat hien ra rang, nhung Fe trong HNO ? dac se co phan ling tao 
H 2 bay hoi nhanh r6i ngirng. Tiep tuc dem nhung mie'ng sat nay trong axit loang thi Fe khdng 
tan nua vi ben ngoai mie'ng sit da hinh thanh mot ldp mang goi la mang thu dong. Neu pha 
huy ldp mang thu dong thi Fe lai tiep tuc bi an mon. Tuy nhien, khdng the dung hien tuqng 
nay di chd'ng an mon cho thep vi sit chi bi thu dong trong trudng hop rat dac biet. 

Nhung thep inox, hop kirn Ni va Cr (inconel), hop kirn Co, hop kirn Cr (stellit), hop 
kim Ti co tinh thu dong tot do tao dupe ldp hop chat chira oxyt, hydroxyt mong cd nm tren 
be mat. Cac kim loai Ti, Nb, Ta co lerp thu dong la ldrp oxyt day. Thuc te, nhieu kim loai va 
hop kim co tfnh thu dong lam toe do an mon giam di nhieu, nho hon 0,001 mm / nam. 

c. Cdc yeu to anh hiring toi su an mon 

1. Thong so Inyen kim va tao hinh, moi h iring vd dien kien sudnng 

- Ty le dien tich be mat catot va andt: 

Khi ti le S, / S a = 1, dong an mon blng nhau, an mon xay ra theo qui lm)t chung, nghTa 
la anot bj an mon. Khi dien tich be mat catot gap 10 Ian dien tich be mat anot thi anot bi an 
mon tang gA'p 10; dien tich catot nho blng mot nua dien tich anot thi dd an mon chi blng 
mot nira ban dau. 

Thi du: Trong ke't ctfu bit chat bang vit thi vit cd dien tich tiep xuc rat nho so vdi dien 
tich toan bo ke't cAu. Vit co bi an mon hay khdng con phu thuoc vao vide no dong vai tro 
anot hay catot trong qua trinh an mon. 

Vit bang A1 trong ke't cau thep inox thi sau khoang hai nam vit se bj mon he'uvi A1 
an6t hon Fe. Nguoc lai, vit bang thep inox trong kit cau A1 thi vit khdng bi an mon. 

- Kim loai va hop kim khdng dong nhA't se tao ra cac vi pin, trong do bien gidi hat la 
anot, tarn hat la catot, kim loai bi an mon nhanh. Trong hop kim nhieu pha, cac pha thuong cd 
dien thi khac nhau cung rA't di gay hiln tuong an mon. Thi du trong gang, ferit andt hon 
xementit, nen khi bi an mon, nln peclit bien mat chi con ludi xo'p graphit. Hop kim dura 
4,5% Cu, khi tdi cd kha nang chong an mon kha tot; nlu dem hoa gia cd tao pha CuA1 2 
thi hop kim di bi an mon hon do cd su chenh ldch ve dien thi giua cac pha cd mat trong 
hop kim. 

- Viing bi biln cung va viing cd ting suit du la vung anot hon nen dl bj an mon. Ve 
an mon dudi ting suit thi ddng thau rlt nhay cam vdi NH 3 ; thep inox nhay cam vdi ion Cf. 
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2. Ve moi frifdng an won 
Thucmg xet cac yeu to sau: 

• Anh hucmg cua do pH thong qua gian d 6 Pourbaix. Day la gian d 6 bidu thi di£n the' 
c^n bang cua kim loai d trong dung djch 6 cac dieu kien khac nhau. Tr£n hinh 7.4 la do thi 
bidu hien dien the can bang cua dien cue Ee trong dung djch khi dp pH thay ddi. 



• Kha nang oxy hoa: m 6 i trudng co kha nang oxy hoa cang cao, kim loai bi an mon 
cang manh. 

• Dp dan dien: vat li 6 u co ti'nh d&n dien kem se giam tfnh chong an mon. 

• Nhiet dp: tang nhiet do thi tang toe dp an mon. Ne'u tang nhiet do nhung giam dupe 
lupng hoa tan oxy, C0 2 thi kha nang an mon lai giam. 

• Chenh lpch nPng dp trong moi trudng tao nen chenh dien the: 

- Vimg nao hoa tan it oxy se anot hon, do vay ft bi an mon hon. 

- Ch 6 nude tu dong lai an mon nhieu hon chP nude chay a thep inox. 

• An mon trong khdng khi con chiu anh hucmg cua gio, mua, nhiet do, dp dm: an mon 
manh nhdt la khong khf cong nghiep (chira S0 2 ), tiep theo la khdng khi mien bidn, khong 
khi thdn qua dm va cuoi ciing la khdng khf then que kho. 

• An mon trong nude: an mon xay ra manh nhat la trong ndoc bien, sau do la nude 
mem roi den nude ciing. 
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• An mon trong dat: mdt chi ti£t tiep xuc vdi nhidu m6i trudng thi dd xdp, do hat vat 
chat, luang am, luang mudi, dd axit, do d&n dien... cua m6i trudng d£u lam anh hudng den 
ti'nh chat an mon cua vat lieu. Thf du, mdt dau 6ng nude vui trong vung chi co cat va dau kia 
ch6n trong vung chi co da't set, giua hai vung co dd chenh dien the' 0,3 V se sinh ra pin, xu£t 
hien qua trinh an mon. 

3. Dieu kien sit dung 

- Chi tiet lam vide trong dieu kien co ma sat, mang thu ddng bi pha va, lam tang tdc 
dd an mon. 

- Moi trudng co gradient nhiet do: vimg ngudi co tmh andt se mon nhidu han. 

- Ong nude dat trong viing dat co dong dien lang thang bj mon nhanh vi dien se chay 
theo <5ng ma khong theo dudng da't co dien trd ldn han. 

7.2. BAO Vfi CHClNG AN MdN 

De bao ve kim loai chd'ng &n mon, co ba phuang phap ca ban: 

• San phii be mit dd each ly chi tiet vdi mdi trudng an mon: phuang phap nay re, 
nhung chi bao ve dupe ldp mat. 

- Hop kim hoa giam an mon (vi du bang Cr): cac nguyen to hqp kim se lam tang dien 
the' an mon cua cac pha, lam giam kha nang bi an mon. Phuang phap nay khong kinh te vi 
phai hqp kim hoa toan khd'i. 

- Bao ve dien hoa: de cho qua trinh an mon xay ra nhung dieu khien qua trinh an mon 
theo hudng co Iqi, hoac tac ddng vao nidi trudng de ngan can qua trinh an mon. 

7.2.1. San phu 

Cach ly mdi trudng vdi kim loai bang mot lap mang. Mang phai lien tuc, bam chac leu 
be mat chi tiet va tra vdi mdi trudng. C£n chudn bi bd mat that sach, khong con cac vet oxyt, 
dau md... 

a. Phu phi kim 

- San phu dung bitum la phuang phap co dien, dung cho ong chon sSu. 

- San polyme la phuang phap pho bien: thudng dimg hai ldp sail, ldp trong la ldp lot 
co lac dung ngan each chi tiet vdi moi trudng, ddng thdi cimg la de dam bao cho san bam 
chdc vao chi tiet, ngoai la ldp son darn bao th&m my. San gom co bdt oxyt, bot Zn, Al, kim 
loai andt hoac chat dong vai tro chat uc che (inhibitor) nhu croinat kem va chat dong vai tro 
dmh kdt nhu polyme, diiu khd nhanh nhu d£u san, d5u trau... 

- De cho ldp son bam chac len be mat chi tiet, thudng xir ly be mat trude, vf du 
photphat hoa, ma Zn trude luc san. 

- Chat lieu son cung co nhieu the loai phong phu: trude day dung sail din co chura 
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PbO; ngay nay co ca son acrylic ca sd nude, rtft thu&n tien trong su dung. 

- Phuang phap sen cung da co nhieu tien b6: tir nhiing, quel, l&n, phun cao ap, ngay 
nay da co son llnh dien, phun hat tich dien. Son ilnh dien co dac die’m: ft ton son, phu deu, 
khdng anh hudng mdi trudng. 

- Trang men: dung hat thuy tinh borosilicat - frit cho bao ngoai kim loai rdi nung de 
thieu ket va dfnh bam; sau khi nung lap men co d6 cirng cao nhung don. 

b. Phu ma kim loai 

Fao mot ldrp kim loai a be mat chi tiet bang cac each nhung trong kim loai nong chay 
(ma nong), ma bang dien, ma hoa, phun kim loai 
(kim loai hoa), han, can. 

- Ma dien (hinh 7.5): kim loai dung dc ma 

la Zn, Ni. Cr, Cu. Nguyen ly tac dung nhu hinh 
tren. Chi tiet dong vai tro catot va andt la kim 
loai can ma, tat ca deu duoc nhung vao dung djeh 
dien phan. Dudi tac dung cua dong dien ngoai, 
cac ion kim loai anot se lang dong tren bd mat 
chi tidl tao thanh Idp phu ma. Andt 

- Ma nong: nung chiy kim loai ma den //;„/, 7 . 5 . Ma dien. 

nhiet do can thiet roi nhung chi tiet c^n ma vao 

be kim loai long. M6t Idp kim loai mong va lien tuc se bam len be mat chi tiet, hinh thanh 
Idp bao ve, ngSn khong cho chi tiet tiep xuc vdi moi trudng an mon. Thf du: thudng dung vdi 
Zn 6 450 * 460°C, Sn d 315 -s- 320 (I C. Al a 700 + 800°C. Trong trudng hop nay, Zn dong vai 
tro anot hy sinh doi vdi thep trong ton ma kem. Khac vdi kem, trong ma thiec, neu rach 
mang Idp ma, thep 16 ra se thanh an6t va bi an mon vi Fe nam dudi Sn trong bang thd hoa an 
mon. Crom co vai tro catdt doi vdi thep non. Khi sut Idp ma thi thep bi an mon. 

- Phun phu Zn, Al chieu day den 250 pm de bao ve cac chi tiet nhu thap, ciu, be chua. 

- Phun phu ceramic chiu nong tren 1650 n C bang tia plasma khf nito hoac khi argon vdi 
nhiet do plasma co the tdi 12000°C. 

- Be 16 phan ung nguyen tir bang thep cacbon thudng san xuat bang phuang phap due 
hoac han co boc lap thep inox day 1 cm bang han hd quang. 

c. Phu bdng phttang phap hod hoc 

+ Nhuom den. Nung thep den 350 + 450°C rdi nhung vao ditu khoang vat, be mat chi 
tiet duoc phu mot lap oxyt mong co mau den d be mat thep. Phuang phap thong dung la 
nhudm den thep trong hdn hap mudi nong chay co ti le 1 : 1 cua KN0 2 + KN0 3 hoac 
NaN0 2 + NaN0 3 + NaOH d nhiet d6 310 + 350°C sau do rua such bang nude ianh, tiep theo 
la nude nong co 2% xa phdng cuoi cung la rua bang nude lanh. 
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+ Nhung chi tiet thep vao bd clura dung dich Mn(H 2 P0 4 ) 2 va Fe(H 2 P0 4 )2 v6i nude 
nong di tao ra lop photphat sat mau xam den kha xft chat d bd mat (xu ly vo oto trude khi son). 

+ Cromat hoa hi mat hop kim A1 va Mg: nhung chi tiet vao be chtra (Cr0 3 + NaF + 
Na 3 [Fe(CN) 6 J), Iren b4 mat chi tiet se tao thanh ldp cromat co sAc mau kha dep. 

+ Bronzage thep sung. 

+ Anol hoa A1 (hinh 7.6): tao tr£n be mat chi tiet ldp oxyt nhdm mong 0,1 pm, idp 
nay xd'p va cung, co th £ chong mai mon tot va cung co ihi tao mau cho chi tiet. Nguyen ly 
cua phuong phap la, chiu tac dung cua dong dien, nhdm nhung trong dung dich H 2 S0 4 se 
ngay lap tire hinh thanh mdt Idp oxyt dac chAc goi la mang co sd hay lap barie. Tiep theo, 
trong mdi trudng ax it manh, nhom tiep tuc bj an mon va hinh thanh mot mang day oxyt 
nhom tren be mat chi tifc't. Mang oxyt day nay co nhung Id xop dang td ong vdi duong kmh 
16 v6 cung nho. Khi anh sang chieu vao cac 16 xop, theo nguyen ly anh sang qua khe hep, no 
se bi tan xa thanh cac tia sang don sac. Cac tia don sac nay dupe hap phu, phan xa va giao 
thoa trong cac 16 xdp. Khi hidu quang 10 cua hai tia sang bang so nguyen lAn bude song 
(L, - L 2 = k> v ), se xay ra cue dai cua giao thoa. Cac cue dai nay khdng trung nhau va tao 
thanh vAn sang co mau, do do ta thA'y nhdm co mau sau khi andt hoa. 


Hinh 7.6. 

So dd andt hoa. 


I = 2.5A/dm 2 



Catdt Pb 


Qui trinh nhuom mau. 

- Tay rua diiu md trude khi andt hoa, Trong kiem nong, dau de b; xa phong hoa tao 
thanh glyxerin va mud'i axit beo dd tan trong nude nen co the dung kiem nong dfc hoa tan cac 
loai ditu md ddng thuc vat. Cac loai ddu khdng tan trong kiem nhu ddu khoang vat thi dung 
cac dung mdi huu co nhu xang, dau hoa, ctylen... hoac dung dich H 2 S0 4 loang d nhiet do 60 
-s- 70°C. Kel qua tay dau md phai dat yeu cau khi rua bang nude tiep theo khdng con hien 
tuong bang nude tr6n b 6 mat. 

- TAy ldp oxyt tren be mat. Nhdm va hop kim nh6m thdng thudng co mot ldp oxyt tren 

be mat. Can phai loai bo ldp oxyt nay de lam tang kha nang dan dien cua ldp be mat trong 
qua trinh andt hoa. Vdi nhom nguyen chat dung dung dich NaOH d nhiet do 18 4- 20 (1 C, thdi 
gian 3 5 phut. Hop kim nhdm dung NaOH 15% d nhiet do 40 + 55°C co the tang toe do 

hoa tan oxyt nhdm bAng each dun soi NaOH. Khi tren be mat sail pham co ldp mun mong dd 
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loai thi cho chi ti£t sang rira Iren dong nude sach. 

- TAy can ban Iren b£ mat. Can bAn day la nhung chat ngimg dong bam dinh tren bS 

mat trong qua trinh tay ldp oxyt tu nhien. D£ lam sang be mat chi tid't, ngam chi ti£t trong 
dung dich HN0 3 15 20% hoSc dung dich 75% HN0 3 + 25% HF cho den luc b£ mat sang 

bong. Sau mdi qua trinh cAn rua ky chi ti£t trong nude chay tran hoAc vdi nude co ap suat ldn. 

- Andt hoa. Dhng dong dien mdt chilu, dien ap 18 4 - 20 V, mat dd dong dien khoang 1 
A/dm', thdi gian 40 4 - 60 phut. Ket qua la trSn be mat chi tid't cd mot ldp mang Al 2 0 3 dAc chAc. 

- Nhudm mau. Dung ddng xoay chi£u, dien Ap va ddng dien tirong tu nhu trdn. Dung 
dich dien phAn la cac mud'i NiS0 4 + SnS0 4 + Pb(CH 3 COO ) 2 cho den khi dat dupe mau theo 
ydu ciu. 

- Vit mang A1 2 0 3 sau khi nhudm. Mang AI 2 0 3 la ldp mang xd'p, kha nang chd'ng an 
mon kem, dd hsfp phu cac tap chat bAn vao bdn trong ldp mang cho nen sau khi nhuom mau 
phai tid'n hanh lam kin mang oxyt nhdm. Don gian nhA't la nhung chi tidt da nhudm mau vao 
nude da chung cat hoAc da duoc khu ion co dd pH = 6 , a nhiet dd 100°C. Trdn thanh cac Id 
xd'p se co ldp mono hydrat nhdm A1 2 0 3 .H 2 0 lam kin cac Id. Cung co the nhung chi tiet 
trong dung dich: 


axetat niken (CH 3 COO) 2 Ni: 

5,5 g 

axetat coban (CH 3 COO) 2 Co: 

1,0 g 

axil boric H 3 B0 4 : 

8,5g 

nude cA't: 

1 lit. 


Thdi gian 20 phut, nhiet do 100 (, C. 
7.2.2. Bao ve dien hoa 
a. Bdo ve catot 


Chi tid't can bao ve ddng vai tro la catdl 
- Dung anot kim loai hy sink (Protector) 

Nguyen ly: Diing mot kim loai M’ co dien the an mon Am hon chi ti£'t M, de lam andt. 
Trong qua trinh an mon, andt M’ se bj A 11 mon va vat that se dupe bao vg. Thi du, d£ bao ve 
thep dung kim loai co didn the am hon, andt hon vf du Zn, Al, Mg de lam andt hy sinh goi la 


protector. 
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- Dung anot Ira graph it (liinh 7.7): 


- Nguyen ly cua phirang phap nay la dung anot trd de tao ra dong dien nguoc chi^u i r 
trong mach dien in mon (co 5 + 0*0075 A/m^) se giam duoc dong an mon i am , nhirng kho 
dilu chinh dong. 


Hinh 7.7. 

Nguyen ly dung anot trd. 




b. Bdo ve anot 

Phuong phap nay chi dung cho kim loai co kha nang thu dong hoa; tao dien the' ngoai 
E n ldn hon E n _ a va cho rdi vao viing thu dong trdn gian do Pourbaix. Luc do anot la chi tiet 
c^n duoc bao ve se khdng bi an mon (voi thep inox c£n 8 mA/m so vdi 4 A/m" trong bao ve 
anftt). Trang thiet bj phirc tap, chi dung trong an mon cue cao, trong cong nghiep hoa hoc. 

7.2.3. Tac dong vao moi truofng in mon 

- Giam kha nang oxy hoa cua chit dien ly 

Dun nong moi trtfcmg de khu khi' r6i xu ly bang hydrazin N 2 H 4 hoac^sulfit 
Na(Na 2 S0 3 ) de giam oxy hoa tan: 

N 2 H 4 + 0 2 ^ N 2 + 2H 2 0 

2Na>S0 1 + 0 2 Na 2 S0 4 

- Them chit uc che' (inhibitor): chat uc che tac dCng len su phin cue catdt lam giam 
dong an mon (thucmg dung amin, photphat, benzoat...). Thi du, them hexamethylen tetramin 
v6i nong do 0,5 g/1 khi tay sit thep bang HC1 5 N se giam tO'c do an mon 5000 lan. 

- Them chat thu ddng (pasivator): chat thu dong tac dong len qua the andt cung lam 
giam qua trinh an mon. Cac chit oxy hoa nhu cromat, nitrit lam tang dien the an mon cua 
kim loai, lam cho kim loai de thu ddng hoa va chuyen tori viing thu dong. 

7.2.4. Chon vat lieu va cai tien thiet kc 

Thi du, chon b6n chua bing thep thircmg + andt hy sinh bang Mg (2 nam tliay mdt ldn) 
thay cho chon thep inox; hoac chon vat lieu compozit sai thuy tinh nen polyme. 

Khi thiet ke can luu y: 

- Khong nen thiet ke' ket ci'u gay tii dong nude, that dong chay, co gradient nhiet do, 
co diem nong. Nude dong lai trdn be mil chi tiet se hinh lhanh dung dich dien ly de giy 
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hicn tugng an mon. Dong chay bi thu hep. lam tang toe do dong chay, dac tmh dong chay 
chuy^n tir chay tang sang chay roi. Tai vung do xua't hien cac bot khi co ap suat rat cao !a 
nguy£n nhan gay nen hien tugng an mon xam thuc. 

+ Tranh khe dong chat dien ly 6 ch6 ghep, tranh tao pin galvanic. 

7.3. AN MON KHO VA CACH CH6NG AN MON KHO 
7.3.1. Khai niem 

An mon kho thuc chat la an mon hoa hoc. Thudng chi xay ra ddi v6j cac chi tiet lam 
viec d nhiet dd cao. 

An mon kho chu yen do phan trng oxy hoa: 

- Tao oxyt do tac dung vdi oxy trong khong kht; 

- Tao sulfua do S0 2 ; 

- Tac d6ng cua Cl, Be, I va CO, C0 2 , H 2 0. 

Danh gia su oxy hoa bang ai lire (AH° kJ/mol 0 2 ) cua kim loai ddi vdi oxy hoac ddi 
vdi lull huynh: 


Nguyen td 

Oxyt 

AH 0 

Hop chat 

AH 0 

Ag 

Ag 2 0 

-60 

Ag 2 S 

-185 

Cu 

Cu 2 0 

-335 

Cu 2 S 

-270 

Ni 

NiO 

-490 


-330 

Fe 



FeS 

-310 

Cr 



CrS 

-200 

Al 






Dong hoc tao oxyt: 

m ()Xyl = k f (t) 
k = k„ exp (Q / RT) 

7.3.2. Bao ve chong an mon kho 

- Dung hgp kim chiu nong: thudng dimg cac loai hgp kim cua Fe co Cr la nguyen td 
hgp kim. Trong hgp kim tao lap oxyt dac chiic, bam dfnh va co kha nang bao ve tdt, hgp kim 
giO dugc do ben a nhiet do cao. 

- Muon vat lieu chju nhidt do cao hon ntfa ihi dung gom ceramic. Tin du dung gom co 
so Si^N^ SiC de che tao canh tuabin chju dugc nhiet do 1300°C. 

- Phu ma: phu lap Cr, Ni len thep rdi u khuyech tan, phun phu gom len b£ mat chi tiet 
bang nang lugng plasma. 
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Nhung hap kim trfin ca sa Fe hap kim hoa cac nguyen to Cr, Ni, Mo co nhidt dd lam 
viec kha cao. Thi du, Fe30Ni25Cr co thd lam viec a tren 1100°C. 

7.3.3. Phu ma hoc hoi (Vapour deposition) 

Phu ma boc hoi la nhung phuang phap ma hidn dai, co hai phuang phap chi'nh: 

- PVD (Physical Vapour Deposition): phu ma bdc hai vat ly; 

- CVD (Chemical Vapour Deposition): phu ma bd'c hai hoa hoc. 

Cac qua trinh phu ma d6u g6m ba budc: 

-Tao chat phu ma; 

- Van chuy^n chat phu tCr ngu6n tdi vat phu; 

- Phat tri£n mang chat phu. 

O PVD cac budc tren xay ra tuan tir, a CVD ca ba budc xay ra dong then a gan vat phu. 
7.3.3.1. Ma boc hoi vat ly (PVD) 

Ve nguyen tac, phuang phap phu ma bdc hai vat ly la cho kim loai phu boc hai a chan 
khong ca 10 f> mmHg, ldp hai nay se iang dong tren b 6 mat chi tiet hinh thanh ldp phu. Vi 
phuang dien vat ly, co the tao ra hai kim loai bang bay hai thong thucmg, bang each ban pha 
cat6t (ealdt soi). Su khac biet ca ban cua hai phuang phap nay la: 

- Bay hai thong thudng: cac hat khong duoc nap thdm nang luang, la qua trinh chung 
cat co phan doan, co the ldng dong trong trucrng hap dung hap chat. 

- Catot soi: Cac hat duac nap them nang luang trong qua trinh van chuyen, la su bay 
hai ddng thdi cua nhieu nguydn t6. 

a. Tao chat phu 

- Boc hai nhd nung bang dien trd, dien cam ting, nhcr tia laze: nang luang cao cua cac 
ngudn nay lam cho kim loai bi bay hoi manh liet. 

- Ban pha catot (sputtering) hay con goi la catdt sdi: catdt lam bang kim loai phu, dien 
the' 500 -5- 1000 eV bi ban pha bai ion cua khi van hanh trong plasma. Chum electron so cap 
co nang luang cao tu sung electron lam phat ra chum electron thti cap d viing lan can chen 
kim loai nong chay, tao didu kidn cho cac electron, khi hoat tinh phan ling vdi nhau tao nen 
plasma co hoat tinh ldn va hoat dd cao va tie'n th&ng vd phia bd mat chi tiet.. 

- Thidt bi sir dung triot (hinh 8.8). Thiet bj gom anot dien the 50 + 100 V va hai catot 
co dien the phan cue catot cao 2 -4 10 kV. Ngoai ra con cd 1 dien cue phu phan cue 30 * 50 
V so vdi anot, dd la mot soi dot bang vofram nung nong bang dong dien ngoai co clitic nang 
tao ra cac electron. Cau true cua thiet bi cho phep tao ra mot tir trudng vudng goc vdi 
phuang nd'i chtft phu - chi tiet. Ch&'t phu va cac ion di den chi tiet theo dudng xosin. Tang so 
lan va cham, mtic ion hoa se cao han, ddng nang chat phu cao han do do chat luang lap phu 
td't han. 
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Hinh 7.8. Thiet bi hoa bui 
catOt va phu ion su dung triot: 

1- vat lieu phu; 

2- van khi; 

3- an6tphu; 

4- khi thai. 

4 



b. Van chuyen chat phu 


(+) 

Ua 


Co th£ di£u khi£n qua trinh nay bang che do dong: 

• Dong phan tir o phan c6 ap suat ricng phan thap cua chat phu; 

• Dong nhot b ph3n co ap suat cao 2,7 * 16 pascal. 

Budc hai nay co thd co hoac khOng co plasma 6 vimg giffa nguon va vat phu. 

c. Phdt trien mdng 

Tuy nang lirong, loai vat phu ma quy£t dinh chi£u day mang cho ihich hop. 

d. Cdc each phu ma 

Phu don nguyen to: toe do boc hoi kim loai tuy nhiet do ngu6n dugc kbong che thong 
qua ap suat b6c hoi; toe do b6c hoi thay dcii tuy theo kim loai, co the gap toi 10 lan. Toe do 
sputtering thap hon toe d6 b6'c hoi 10 + 5 000 lan. 

Phu hop kim, theo ba each sau: 

- Cung b6'c hoi (nhiSu ngudn rieng; thanh ph^n hop kim thay doi 6 mat phu); 

- Boc hoi tir mot ngu6n; 

- Boc hoi flash (vay kim loai roi tren giai nong va boc hoi hoan toan) dung tia dien - 
laze tir xung nang luong cao (pulsed laser - ebeam) hoac cat6t ho quang boc hoi (cathode arc 
evaporation) hoac b6'c hoi target (co muc ti6u) thd tich nho. 

Phuong phap boc hoi tir mot nguon thi thanh phan cac nguyen to tuong doi on dinh 
song phai chu y riing, neu nguyen t<5 B co ap suat hoi gap 10 lan ap suat hoi cua nguyen to 
A, muon tao 16p phu co thanh phan AjBj phai dung ngu6n A 1() B| (ciinh tuabin phu hop kim 
5 nguyen to Ni, Co, Cr, Al, Y) 

e. Mot so cong nghe phu ma boc hoi vat ly 

1. Boc hoi i d ngUng tu true tiep trong chan kltong 

Ngucfi ta dung dien tro, dong dien cam (mg hoac chum electron de nung nong kim loai 
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phu len tr£n nhiet do nong chay va de cho bay hoi. Hoi kim loai phu se ling dong len be mat 
chi tilt can phu tao ldp bao ve. Phuong phap nay co cac dac diem co ban sau: 

- Van chuy^n kim loai bay hoi din be mat chi tiet phu la do chuyln ddng ddi luu ttr 
nhien cua cac phln tir kim loai 6 the hoi dudi ap suat khoang I0 -2 Pa, khong co bat ky tac 
d6ng bln ngoai nao. 

- Hoi kim loai ngimg tu mOt each ttr nhiln, d khlp moi noi trong budng kin do do 
hilu suat sir dung kim loai rat tha'p. 

- Nang lirong cua cac hat ngung tu nho (e = 0,1 eV), chat phu chi diroc bam I6n tren 
b£ mat, khong co lire ban vao be mat chi tiet n6n bam dfnh kem, do sit chat cua 16p phu 
khOng cao. 

- Chit phu thuerng la cac kim loai de chay nhu Sn, Pb, Al; cung co the phu lln cac chi 
ti^t bang vat li|u kh6ng dan diln nhu ceramic, polyme. 

- Toe do phu cham, 16p phu mong. 

Mot dang cai tien cua bay hoi va ngung tu trong chan khOng la dua vao trong buong 
bay hoi kim loai cac khi boat tinh de co thl tao clc I6p phu khac nhau, thf du khi phu nitrit - 
khi hoat tfnh la N 2 hoac NH 3 ; ldp phu cacbit - khi hoat tfnh la cacbua hydro hoac cac khi' 
chura cacbon khac; oxyt - khf hoat tinh la oxy hole cac khi chua oxy. Ap suat trong bu6ng 
phu tirO.Ol din 1 Pa. 

2. Cong nghe boc hoi hoat tinh co kick thick si( dung plasma lank ARE (Activated 
Reactive Evaporation , hinh 7.9) 


Hinh 7.9. So d6 cOng nghl ARE: 

1- b£ kim loai; 

2- hoi kim loai; 

3- chi tiet phu; 2 

4- sung dien tu. 

1 


Plasma la hiln tuong phong dien va phat quang trong pha khf. Cac ion, electron, cac 
phan tu khf trung hoa vl dien ton tai d6ng thoi. Trudc het tao chan khong trong budng kin 
r6i dua khf Ar vao vdi ap suit khoang vai trim Pa. Dat mOt dien trudng dlu co dien the 
khoang 1 -5- 10 kV vao binh. Khf Ar se b| ion hoa tao thanh Ar + va di chuyen den catOt vdi 
mot nang luong rat Idn. CatOt che tao blng chfnh kim loai phu. Dong electron bln pha bl 
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mat catot lam b6'c hai kim loai. Sir di chuyen cua cac hat mang dien lai lam ion hod do va 
cham vcfi cac phan tir khi tao thanh cac ion va electron mdi. K6t qua la mqt plasma lanh 
duqc hinh thanh, mure do ion hoa dat duqc kha cao. Trong tia plasma thi electron mang nhiet 
dq cao nhat, cac hat khac chi khoang 300 -hIOOO K. Sau khi plasma da hinh thanh, khi Ar se 
duqc thay the bang khf hoat tinh khac. Cac ion va electron duqc tao thanh se c6 nang luqng 
cao hon. Ta noi, pha khi hoat tinh b trang thai kich thich. C) trang thai nay, cac phan ring hoa 
hoc c6 the xay ra ngoai pham vi thOng thudng, thi du b nhiet dq thap hon. Day la lai the' cua 
phuong phap, no cho phep xir ly chi tiet d nhiet dq tha'p, tranh duqc urng suat va bie'n doi td 
chric cua vat lieu chi tidt nhu khi xu ly d nhiet do cao. 

Cong nghe ARE con co mqt s6' uu diim: 

- Cho phep phu duqc cac kim loai co nhiet do chay cao. Cac nguyOn tu but ra co nang 
luqng kha 16n, lorn hon bay hoi binh thucmg. Chat phu tren dudng di chuye’n de'n hi mat chi 
tiet di qua plasma, da duqc truydn them nang luqng nh b cac va cham dan hoi va phi dan hoi 
v6i cac phan tu trong plasma do do Idp phu dinh bam tO't hon. 

- Su dung plasma lanh cho phep tang toe do van chuyen chat den be mat chi tie't do do 
toe dq phu nhanh. 

Sir dung ky thuat plasma danh dau mot bude lien bO quan trong trong viec ap dung 
cong nghe PVD, nhd no ma chat phu duqc hoat hoa va van chuyen den be mat chi tiet nhanh 
hon, chat luqng 16p phu cao hon. Tuy nhien ngucri ta sir dung cOng nghe ARE chi) y£u trong 
cac nganh quang hoc, di6n tri, trang tri, it dung trong co khi vi dmh bam cua lop phu len chi 
tiet chua dii cao, nha't la lop phu day. 

J. Cong nghe phu ion IP (Ion Plating) 

Chi tiet phu duqc phan cue catot. Chat phu gom cac ion kim loai duqc thu hut den be 
mat catot v6i m6t gia tO'c n£n dq dinh bam va chat luqng cua 16p phii cao. Ca'u true ciia 16p 
phu, tuy theo cong nghe phii co the duqc xem nhu la cau true vi tinh the. 

C6ng nghe phu ion duqc dung trong nganh dien tir, quang hoc, trang tri, trong nganh 
dien de phii cac tiep diem, nhung quan trong hon ca la nganh co khi de tao ldp phii Al, Cr, 
Mo, TiN len thep. 

4. Cong nghe BARE 

Trong cong nghe BARE ngudi ta sir dung bo phan boc hoi kim loai nhd chum electron 
co nang luqng cao. Cac electron so cap nay duqc tao tir sung electron, phat ra cac chum 
electron thu 1 cap co nang luqng nho (khoang 100 eV) b vung lan can chen kim loai nong 
chay, tao dieu kien cho cac electron, khi hoat tinh, hoi kim loai di nguqc chidu va phan ling 
true tiep vci nhau do do tao nen plasma co hoat tinh rat Ion va mat do ion rat cao. Dong ion 
tidn thing de'n be mat chi tie't da duqc phan cue catot (vai chuc v6n). Trong dieu kien do, do 
bam dinh ciia ldp phu tot cho du nhiet do xir ly thap. 
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Hinh 7.JO. Sod6 thiet bi phu 
bang cbng nghe BARE: 

1- ga chi tiet; 2- be kim loai; 3- chiim electron; 

4- cuon day kfch tti; 5- sung electron; 6- hoi kim loai. 



7.33.2. Mq hoc h&i hod hoc CVD (hinh 7.11) 

De tao ldrp phu bang cong nghe CVD, nguyen ttf c3n phu duoc chuyen thanh cac hop 
chat ihi khi (duoc ch£ tao tu m6t b6 ph&n rieng) goi chung la khi' hoat tfnh. Khi n^y nhti cac 
tac dong vat ly, hoa hoc (thudng la tac 
dong nhiet) xay ra 6 viing lan can be 
mat chi tidt, tao thanh nguyen tu hoat 
tfnh nhd cac phan ting oxy hoa khir, 
phan huy, phan ly va trao doi. Dong 
chat phan ting (reactants) lutit qua mat 
vat phu duoc nung nong se tao phan ting 
g£n mat sinh ra mang chat phu. Cac 
nguyen tu hoat tfnh se ha'p phu va 
khuye'ch tan vao b& mat chi tiet, tao 
thanh ltip phu. V6i ky thuat hien dai, 
ngutii ta khOng chi tao duoc cac 16p phu 
da nguyen t6' ma con ch£ ngu duoc cac 



Hinh 7.11. Nguyen ly phu ma CVD. 


tac dong vat ly, hoa hoc de tao duoc cac lop phu co thanh ph3n va tfnh cha't mong mubn. 
Nhiet do xir ly thudng phai cao 800 + 1100°C nh^m pha vd cac lien ket trong phan tu khi 
hoat tfnh, d6ng thcri con tang toe do ciia cac phan ting 

Ban chat cua ldp phu co the la kim loai nhu Cr, Al* Si, Ti..., cac loai cacbit nhu SiC, 
TiC, Cr^Cj, nitrit TiN, ZrN, BN, borua MoB, WB, NiB, silic va hop chat, oxyt A1 2 0^, Si0 2 . 

Tlii dtt ve cac phan dug 


- Hoan nguyen cac muoi halogen: 

(WF 6 ) + 3(H 2 ) = < W > + 6(HF) 
(CrF 2 ) + (H 2) = < Cr > + 2(HF) 

(TiCl 4 ) + (CH 4 ) = < TiC > + 4(HC1) 
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- Phan huy cac hcrp cha't cacbony], cac hydrua kim loai, cac hop chat hum ca kim loai: 

Ni(C0 4 ) = < Ni > + 4(CO) 

CH 4 = < C > + 2(H 2 ) 

Si(OC 2 H 5 ) 4 = < Si0 2 > + 2C 2 H 4 + 2 C 2 H 5 OH 
(tetraethoxylan) 250°C 

Ti(N(CH 3 ) 2 ) 4 < TiN > + khf phan huy 

(tetra kisdimetylamidtitan) 

- Trao d6i: mOt ho£c vai nguyen 1 6 trong vat lieu chi ti£t tac dung v6i cac khf hoat tfnh 
tao thanh hap chat the khi: 

(CrCl 3 ) + < Fe > = (FeCl 3 )T + < Cr > 

Cac cd/ig nghe sau plum phii long dong hod hoc 

- CVD m6i truang tinh: gid'ng hoa nhiet luyen, tha'm 6 the ran. 

- CVD moi trucmg d6ng. 

- CVD ap suat thap LPCVD (low pressure CVD) giam den khoang 1 mmHg, t6'c do 
chSm, chat luong Ldp phu tot han. 

- CVD kfch thich bai plasma PACVD (plasma assist CVD): cho phep giam nhiet dd 
ma t6'c do phu van rat 1cm. Thucmg dung cho cong nghe tao vi mach MOS co 16p kim loai 
xen lan lap oxyt, co thi phu graphit cacbit TiC, SiC, oxyt Si0 2 , Ge0 2 , Ti0 2 , phu kim loai 
bor, phu silic. Vf du, CH 4 la khi hoat tfnh cho C, khi dugc ki'ch thich bang plasma thi t<5c d6 
phan huy rtft nhanh, anh hudng cua plasma nhay cam han nhidu so vai khi tang nhiet d6. 

- CVD kfch thich bang laze LACVD (laser assist CVD). Laze tac dong len pha khf di 
tang hoat tfnh khi phu, hoac dugc chieu len viing hi mat can phu hoac can sua chua de nung 
nong cue bo. 

- CVD dung hgp cha't huu ca kim loai MOCVD (metallo organic CVD): la c6ng nghe 
mdi co the tao cac lefp phii khac nhau (kim loai, vat lieu chju lua, compozit...), cho phep phu 
6 nhiet dd thap tranh dugc cac chuyen pha lam bie'n doi ca'u true cua vat lieu chi tie't trong 
qua trinh phu. Song edn phat trien san xua't cac MO thfch hop. 

Mot so thi du dp dung thitc tien cua cong nghe CVD 

L&p phu kim loai: Noi chung kim loai co hoat tfnh cao, trong m6i truang oxy hoa, 
kim loai se hinh thanh cac oxyt n'am trtn be mat. De co tac dung bao ve, Idp oxyt pbai sit 
chat, 6n dinh vd phu kfn be mat vat lieu. Kh6ng phai ta't ca cac oxyt diu co tac dung bao ve 
hf?u hieu oxy hoa ma chi co cac oxyt A1 2 0 3 , 0r 2 O 3 , Si0 2 la tuang d<5i han ca. Do do cong 
nghe phu nh6m, crom, silic la ede cOng nghe phu ph6 bie'n nhat hien nay nhdm chdng an 
mon vat lieu. 
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Phu A! de bao ve sieu hap kim dung trong cac tuabin khi'. 

Phu Cr dugc dung trong nhi£u linh vuc chdng an m6n, trong y hoc chinh hinh, trong 
thuc ph^m, trong mOi trudng an mon - xoi mon (mai mon). 

Phu Si dung bao ve cac chi tiet trong moi trudng H 2 S0 4 nong (300°C). 

Ldp phu oxyt vd cacbit: C6ng nghe phu cacbit dien hinh la phu TiC. Chi tie't phu duac 
dat trong 16, nung nong bang cam ling hoac bang dien trd thOng thu6ng; lgi dung su phan 
huy nhiet cua TiCl 4 va CH 4 da tao TiC. 

(TiCI 4 ) — < Ti > + 2(C1 2 ) 

(CH 4 ) — < C > + 2(H 2 ) 

< Ti > + < C > — < Ti C > 

Hai khi' don Ar va H 2 cung gia mot vai trd quan trong: khi c 6 dinh ty 1 1 TiCl 4 / CH 4 
n$u tang ty le CH 4 / H 2 se tao ra nhieu C trong ldp phu. Neu co mat hai nude trong lo4hi se 
xay ra phan ting oxy hoS lam giam chat lucrng ldp phu. 

Sgi cacbon dugc dung trong vat li6u compozit lam cac ket c£u chju luc va lam viec a 
nhiet do cao tren 1000 C trong mOi trudng khong khi. D6i khi sgi graphit cung dugephu vdi 
cac lofp phu HfC va Hf0 2 bang cong nghe CVD veri cac chat khi ban dlu la iot, Hf, H 2 , C0 2 
hoac H 2 0. Trong 16 phan ting thti nha't co phan ting cua hai iot va khi Hf d 800°C. San ph&n 
la khi Hfl 4 cting vdi H 2 , C0 2 dugc dua vao thie't bi tao mang phu. 

De bao ve chdng oxy hoa 6 nhiet do cao, ngudi ta thudng tao ra c&c ldp oxyt ben vting 
tren be mat. Ldp oxyt nay phai chiu dugc nhiet do cao (khOng bi phan huy, khOng bi khu), 
ngan each tdt vdi m6i trudng (he sO' khuyech tan oxy phai nho). Mot trong cac oxyt chiu 
nhiet do cao nha't la Hf0 2 nhung oxyt nay lai bi khu khi tie'p xuc vdi C theo phan ting: 

Hf0 2 + 2C -► Hf + 2CO 

De ngan ngira phan ung tren, ngudi ta tao ldp phu HfC che kin b£ mat sgi cacbon 
trude khi phu Hf0 2 . Khi khOng co oxy ta nhan dugc ldp phu HfC nhd cac phan ting 

(Hfl 4 ) -► < Hf > + 2(I 2 ) 

(CH 4 ) < C > + 2 (H 2 ) 

< Hf > + < C > ->- < HfC > 

Khi co mat C0 2 hoac 0 2 thl Hf0 2 dugc tao thanh theo cac phan ting: 

(Hfl 4 ) <Hf> + 2(I 2 ) 

< Hf > + (0 2 ) —► < Hf0 2 > hoac 

< Hf > + 2(C0 2 ) < Hf0 2 > + 2(CO) 

Ifu diem cua cong nghe CVD: 

- Phu d6ng thdi dugc nhieu chi tiet; 

- Chat lugng ldp phu tuang doi cao (dfnh bam, ca'u true, thanh phdn); 
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- Phu duac cac chi ti£t phtic tap; 

- D2u tu cho thi£t bi t trong dtfi nho, d£ ap dung. 

Nhtfcrc diem: 

- Nhi&t d6 phu cao; 

- Kho phu nhi£u nguyen t6 (chi tir mOt d£n hai nguyen t<5); 

CVD ti£n hanh trong chan kh6ng tha'p 10“ 3 atm hoSc trong khong khf. 


Phu ma 

Cha't phan ting 

Thanh ph£n phu 

Si 

(tao mach IC) 

silan / argon 

SiH 4 / Ar 

Si H x . (x < 0,1) 

SiC 

SiH 4 /CH 4 

Six C,. x h 2 

Si 3 N 4 



Fe 2 03 

Fe (CO) 5 

Fe O n C y 


Ifng dung 

Co the phu lap A1 mong 0,125 pm tren thep, cM't deo, lam kmh phan quang, bang tir, 
t<s bao pin mat trcri, trang tii my nghe kim hoan, phu gia'y chong am. 
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Chuong O 

CONG NGHfi VAT LI$U POLYME 


vat lieu polyme co nguon gdc tu nhien (tir cay co hoac d6ng vat) da dupe loai ngudi 
bie't den tir nhidu the' ky. Cac vat lieu nay bao gom g6, caosu, b6ng, da, to lua, v.v... Dac biet 
trong the' ky 20, nhd cac cong cu khoa hoc, da xac dinh dupe rang cac phan tir polyme dupe 
ca'u tao tir nhung phan tu hunt co nho, nhd do tao ra nhung cau true dac bi€t cua phan tir 
polyme. Ke tu sau chie'n tranh the gidi thir II da co m6t cuoc each mang trong linh vuc vat 
lieu vdi sir xuat hien cua vat lieu polyme tdng hop d qui mo cong nghiep. Cac polyme tdng 
hop co nhidu tmh n&ng vuot troi so vdi san ph^m tu nhien, va trong nhidu truemg hop chung 
co thd thay the' vat lieu truyen thong nhu be t6ng, thep, g6... vdi tmh chat tuong duong va 
hieu qua kinh i€ cao hon. Sir phan loai vat lieu polyme dupe trinh bay trong so do sau: 



Trong so dd tren co the thay ba nhom polyme tdng hop. 

Nhom thir nha't g6m nhung vat lieu polyme khong co trong tu nhien. Chung dupe dieu 
che thong qua cac phan ling tdng hop, vi du polyetylen, polyamit, polyeste v.v... Da s 6 cac 
chat deo dang sir dung hien nay la thuoc nhom nay. Nhdm thir hai la vat lieu polyme tir 
nhien nhung co the dieu che' nhan tao. Vf du cua nhom nay la caosu tu nhien va cac caosu 
tdng hop. Trong nhom thir ba, vat lieu goc la polyme tu nhien nhung dupe bie'n tinh hoa hoc 
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tao nen cac vat lieu co tinh chat khac han ban dAu, vi du cac dAn xuat cua xenlulo nhu 
nitroxenlulo, axetatxenlulo. 

Do da so vat lieu polyme dang sir dung thu6c nhom polyme tong hop nen trong cac 
phAn ti£p theo se chi xet den vat lieu polyme tong hop ma khong nhac den polyme tu nhien. 

8.1. SAN XUAT VAT LI$U POLYME 

8.1.1. Nguyen vat lieu 

Polyme co th£ diroc san xuat tir nhieu nguySn lieu khac nhau: nguySn lieu hoa thach 
(dau mo, than) hoac nguy6n lieu tir ngudn gdc d6ng, there vat. Trong phan nay se xet d£n 
m6t s6' nguy^n lieu chfnh san xuat ra vat lieu polyme. 

8.1.1.1. Dau mo 

DAu mo (dau th6) la loai chat long nhert co mau tir vang sang tdi den. DAu mo m6i 
bom tir gi£ng \tn thuong chua nhieu car vA nude. Sau khi lam lang dong, dAu th6 chira 
khoang 95 - 98% hydrocacbon va khoang 2 - 3% oxy, nito vA cac hop chat liru huynh. Phan 
hydrocacbon chit yeu la aliphatic (mach thAng no), m6t phAn la naphtenic (hydrocacbon 
dang C n H 2n ) va m6t phAn nho hydrocacbon thorn. DAu mo sau do duoc tinh ch& thanh cac 
phan doan khac nhau (xem bang 8.1). 


Bang 8.1. Cac phan doan chimg cat tir dAu mo 


TT 

T6n phan doan 

S6 luong nguyen tir 
cacbon trong ca'u tir 

Khoang nhiet d6 sOi, 
°C 

1 

Khi (tinh ch£ hoAc khi long) 

1 -4 

25 

2 

Naphta (dlu nhe va dAu cho 
c6ng nghiep hoa dAu) 

4-7 

20- 100 

3 

Gasolin (dAu xang) 

6+ 12 

70 - 200 

H 

Kerosin (dAu nAng, dAu cho may 
bay) 

9-16 

175-275 

5 

DAu diezel va dAu d6't 

15-25 

200 - 400 

6 

Sap parafin 

18-35 


■ 

DAu b6i tron 

25-40 

300 - 365 

(0,07 - 0,1 bar) 

8 

Bitum 

30-70 

Can con lai 

9 

Coe (tir dAu) 

70 

Can con lai 
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Tren thirc te, san phAm thu dupe tir chirng dft dau mo chi la hydrocacbon no. Di sir 
dung cho cong nghiep hoa dau can co cac olefin, tire la hydrocacbon khong no. Do do, olefin 
phai dupe di£u che' bang each cracking dau mo dudi tAc dung cua nhiet dp hoac xuc tac. 

8.1.1.2. Khi thien nhien 

Trong nghia rpng, khi thien nhien bao g6m tat ca cac loai khi sinh ra trong tu nhien 
hoac khi thoat tir long d^ft. Trong nhung truemg hop hep hem, khi thien nhien dupe hieu la 
khi co ty le hydrocacbon no (aliphatic) cao. Vi du khi thien nhien Chau Au chu yeu la /netan 
(CH 4 ), trong khi khi thien nhien mot s 6 vimg cua My va Arap Seut lai giau hydrocacbon cao 
(bang 8.2). 


Bang 8.2. Thanh phan khi thien nhien tir cac nguon khac nhau 


Nguon 

Ham lupng, % khoi lupng 

ch 4 

c 2 h 6 

C,H K 

c 4 h 10 

co 2 

H 2 S 

n 2 

USA (Rio Arriba, 
New Mexico) 

93,5 

D 

0,5 

0,2 

2,2 

- 


USA (Amarillo, 
Texas) 

51,4 

5,6 

3,7 

2.3 

0 

0 

35,0 

Be BAc 

85,5 

8,1 

2,7 

0,9 

- 

— 

- 

Algeri 

86,9 

9,0 

2,6 

mm 

— 

— 

— 

Iran 

74,9 

13,0 

7,2 

3,1 

— 

— 

— 

Phap (lacq) 

49,6 

4,0 

2,7 

1,5 

19,5 

22,6 

0 

An)p Xeut 

48,1 

18,6 

11,7 

4,6 





8.I.I.3. Than dd 

Than da la hoa thach cua cac loai thuc vat vdi thanh phan khac nhau. No co the thay 
ddi tir cac loai than bun (C 75 H l40 O 56 N 2 S) den than antraxit (C 24O H y0 O 4 NS). Ham lupng cac 
bon tang len theo tu6i cua than. Trong s6 tru lupng than da dupe xac dinh thi 50% nAm 6 
BAc My, 38% tai chau A, con lai 10% chau Au, 1% tai chau Phi va 1% - Australia. 

Ty le cacbon / hydro cao cua than chi ra rAng trong cau true cua no co rAt nhieu nhAn 
thorn. Can cu vao dac tinh hoa hoc co the thay trong than co cac nhom hydroxyl (ancol va 
phenol), nitro thorn va hydro hoa cung nhu khoang 1 goc tu do cho 5000 nguyen tu cacbon. 
De bien d6i cac cau true tren thanh cac hop chat trung gian can co nhung qua trinh phurc tap. 
Cac qua trinh nay co the chia lam bon nhom: 

- Pyrolis (c6c hoa). Than dupe dot nong b moi truemg khong co khong khi tao thanh 
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c6c, nhua than va mot lupng nho khi hydrocacbon. Nhua than co the phan cilia thanh dau 
nhe (benzen, toluen, xylen), dau phenolic (phenol, naphatalcn, pyridin), creozot (crezol), 
dau nang (antraxen, phenantren) va nhira dudng (hdc in). 

- Hydro hoa: dupe thuc hien a nhiet do thap hon va co mat hydro. Theo phuang phap 
nay se thu duoc mot lupng ldn hydrocacbon long. 

- Tach chifii: Than dupe nghien nho va tao huy4n phu trortg cac dung moi huu co, sau 
do dun nong co mat hydro trong dieu kien tuong tu hydro hoa. 

- Qua trinh Fischer - Tropsch: qua trinh dot mot phan trong lu6ng oxy vOi xuc tac 
coban hoac niken. Qua trinh nay hien nay chi con sir dung 6 Nam Phi. 

Trong bang 8.3 la m6t s6 dac trung cua cac qua trinh ch£ bi£n than. 


Bang 8.3. Lirpng hydrocacbon thu dupe trong cac qua trinh che bien than 


TT 

Qua trinh 

Di4u ki6n phan ting 

Lupng C/H tCr 1 tan than 



Nhiet d6, °C 

Ap sua't. bar 


C/H kill nrv 

n 

Pyrolis 

1000*5- 1400 

1 + 70 


100 + 140 

2 

Hydro hoa 

400 + 450 

150 -5* 200 

400 -s- 560 

60 -s- 85 

3 

Tach chiet 


20 

320 -5- 480 

100- 130 

D 

Fischer - Tropsch 

190 

30 

240 -s- 320 

230 - 280 


8.U.4. GS 

G6 la m6t loai vat lieu compozit tu nhien bao g6m lignin, xenlulo, hemixenlulo, nude. 
Ham lupng cac chat tr6n co thd thay doi phu thuoc vao loai cay (bang 8.4). 


Bang 8.4. Thanh phdn cua g6 (da say kho); % 


Loai 

Xenlulo 

Hemixenlulo 

Lignin 

Chat chiet ( * ) 

Pectin 

G6 ciing 

42 

38 

19 

3 

0 

G6 m4m 

42 

28 

28 

2 

0 

Bong 

95 

1 

0 

3 

1 


* Chcit chi£t: protein, nhua, sap. 


Nhin chung, vi£c ch4 tao ra cac monome va polyme tir g6 la kh6ng kinh te. Thong 
thudng ngudi ta xir ly g6 bang cac phtrong phap khac nhau d4 han ch£ cac nhupc diem cua 
no (d6 chay, chiu nude kern, d4 bi na'm m6'c) va sir dung d dang tu nhien. Tuy nhien co the 
tir g6 che tao glucose va cac polyme tuong ting (bang 8.5). 
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Bang 8.5. Cac polyme va monome c6 thd che tao tCr g6 
G6 va ch^t thai xenlulo 


Hemixenlulo 


Lignhin 

Glucose Fructose Mannose 





Sorbose 

Polyuretan 




Glyxerin 

Nhua alkyd 


Hydroxylmetyl fufural 

Diol 

Polyuretan, polyeste 



Axit dicaboxylic 

Polyamit, polyeste 


Etanol 


Nhua alkyd 


Butadien Cao.su tdng hop 


Etylen PVC 


8.1.1.5. Cac nguyen lieu co ngiton goc dong vat vd thifc vat khac 

Dong vat va thirc vat chtia rat nhieu chat cao phan tir co the sir dung true tiep hoac sau 
khi bien ttnh va xu ly hoa hoc. Vi du caosu tir nhien, to tam, xenlulo hoac cac dan xua't da 
qua che bien nhu axetat xenlulo, xenlulo ete v.v... Cac san pham polyme tir nhien dupe su 
dung vdi khdi lupng kha 16n. Tuy nhien, lupng san pham tir nhien diing di cung cap 
monome lai kha nho. Ngoai ra, ca ch£l lupng lan so lupng nguyen lieu tir nguon goc thuc vat 
co the thay dcii rat Ion phu thuoc vao dieu kien th6 nhuPng, khi hau cung nhu cac nguyen 
nhan kinh te va chfnh tri khac. 

8.1.2. Cac phirang phap tong hap polyme 

Tdng hop polyme la giai doan quan trong nhat trong qua trlnh ch£ tao vat lieu polyme. 
Tir m6t loai monome co the t6ng hop dupe cac polyme khac nhau khi thay d6i di^u kien cua 
phan ting. 

Hai loai phan ting chfnh de tong hop polyme: Phan ting trimg hop va phan ting trung 
ngung. 

8.1.2.1. Phan dug triing hop 
a. Monome 

Monome cua phan ting trung hop la cac hop chat phan tir tha'p co chtia lien ket boi 
(lien ket doi hoac lien ket ba). Thi du nhu: 
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etylen 

propylen 

vinylclorua 

vinylaxetat 

metylmetacrylat 


CH 2 =CH 2 

CH 3 -CH=:CH 2 

ch 2 =ch-ci 

ch 2 =ch-ococh 3 

cn, 

CH 2 =<p 

COOCH, 


b. Phan ting trung hffp 

Phan ting trung hop la phan ting ket hop cac monome thanh polyme ma khdng thoat ra 
san phim phu nao. Phan ting trung hop mang tmh cha't cua phan ting chuoi n£n con goi la 
trung hop chu6i. 

Qua trinh phan ting qua ba giai doan theo so do sau: 

- Khoi mao (tao ra trung tam hoat dong): 

A —A* 

A* - trung tam hoat dd 

- Phat tri£n mach: 

* * + A * 

A + A -► A - A -► A - A - A 


- Dut mach: 

~ A - A*-A - A 

Trung t£m hoat dong co the la: 

- g6c tu do: C * 

- cacbanion: C e 

ffi 

- cacbocation: C 

Tuy thu6c vao ban chat trung tam hoat dong ma phan biet trung hop g6'c, trung hop 
anion hay trung hop cation. 

Don gian nhat la phan ting trung hop g6c dircri tac dung cua cac chat dti dang phan huy 
ra g<5c ttr do 6 dieu kien phan ting (ch£t khdi d3u). 

Cac loai chat khoi diu thting dung: 

- peoxit benzoil 

O 0 

i! II 

C 6 H 5 - c- o - o - c- c 6 h 5 
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hydro peoxit butyl b$c ba 


cn 3 

ch 3 - c-ooh 


- azodiiozobutyronitril 

CHy CH 3 

I I 

NC- C-N= N- C- NC 
I I 

CH 3 ch 3 

Giai doan khcti mao 

Dircti tac dung cua nhiet dd hay anh sang c£c chtfl khoi d3u ph&n huy theo phan ting sau: 
O O 


qh 5 - c-o*fo- c-qh 5 


2 QH 5 COO 


CH 3 

i : 

ch 3 - c-o+oh 

I I 

ch 3 


ch 3 

I . . 

CH3- c-o + OH 


ch 3 ch 3 

NC- C-N = N- c- CN 


2 NC- C* + N2 


Ky hi 6 u cac gd'c tir do 1& R*. 

Cac g 6 c tir do tren tirong tac vdi monome di tao thanh g<5c tu do m 6 i: 

R + CH 2 -CH R-CH 2 -H 
X X 

Giai doan phdt trien mgcii 

G 6 c tir do mtii tie'p tuc phan ting vtii cac phan tCr monome tao thanh nhting g<5c dang 
phat trien co mach dai han va co d 6 hoat d 6 ng hoa hoc khdng thay doi: 

R - CH 2 - CH + CH 2 = Ctf —. R- CH 2 - CH - CH 2 - CH 

1 1 1 

XX XX 

R - CH, - CH - CH 2 - CH + CH 2 = CH 
XXX 
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-* R- CH 2 - CH- 

I 

X 


CH 2 - CH ... 
I 

X 


Phan ling phat tri£’n mach xay ra vdi van 1 6 c r£t 16n: hang ngan phan tir monome dinh 
vdi goc tu do trong mot gitly, tao ra mach cao phan tir r&'t dai. 

Giai dogn ket thuc (did mach) 

Co the xay ra theo hai each: 

- Ket hap hai goc dang phat trien, tao thanh mot phan tir polyme co mach dai han: 

— CH 2 - CH + CH - CH 2 -► 

X X 

— CH 2 - CH - CH“ CH 2 '— 

X X 

- Phan ly hai goc dang phat tri£n thanh hai phan ilt polyme trong do co m6t phan tir 
chtia ndi ddi a cuoi mach: 

— CH 2 - CH + CH - CH 2 — -* 

i ! 

X X 

— CH- CH + CH 2 -CH 2 - 

X X 

Ngoai monome va chat khdi dau, con co ihi b6 sung ch£t dicu chinh khoi luang phan 
tir ciia polyme. Cac chat nay lam ngirng phan irng phat trien mach nhirng kh6ng lam thay d6i 
van t<5c phan ting triing hop. 

8.1.2.2. Phan ifag triing ngung 

a. Monome 

Khac vdi monome cua phan ting triing hap, monome tham gia phan irng triing ngirng 
phai chtia it nha't hai nhom chtic trong phan tir, thi du nhu: 

axit dicacboxylic (diaxit): HOOCRCOOH 

ruou hai ldn rircru (diol, diancol): HOR’OH 

diamin: H 2 NR”NH 2 

b. Phan irng triing ngirng 

Phan irng triing ngirng la phan irng tao thanh polyme tir cac monome co thoat ra san 
pham phu la hop chat phan tir tha'p. 

Triing ngung diaxit va diancol tao ra polyeste mach thang theo sa d6 sau: 

O 

ii 

HOOCRCOOH + HOR’OH HOOCRC-O-R’OH + H 2 0 
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Trong phan ting tr£n, nh6m cacboxyl tuang tac vdi nhom hydroxyl tao lien kdt mdi 


— C— O — (liSn kdt este) va giai phdng mot phan tu nude. Dime tao thanh chtia hai nhom 

chtic 6 cuoi mach co (h 4 phan ting tid'p vdi diaxit hoac diancol tao thanh trime: 
vdi diaxit: 

O 

II 

HOOCRC - O- ROH + HOOCR - CDOH -► 

HOOCR-C-ORO—C—R-COOH + H 2 0 
trime 


vdi diancol: 


O 


HOR -O-C-R-COOH + HO-R’-OH-► 

O O 

II II 

HOR-O-C R- C-O- R'OH + H 2 0 
trime 

Dime cung co the tuong tac vdi dime de tao th&nh tetrame: 

O O 

II II 

HOOC-R-C-O-R'-OH + HOOC- R~C~0-R’-OH -► 

O 0 0 

II II II 

HOOC —R-C—O — R — O C-R-C-O-R’-OH + H 2 0 
tetrame 

Cac hop chat tren van chtia cac nhom chtic a cuoi mach nen chung lai tidp tuc phan 
ting tiep nhu tr£n cho ddn khi nhan duac polyeste mach thing vdi khdi luang phan tu can 
thiet: 

O O 

II II 

~0-C-R-C-0-R’~0 — 
polyeste mach thing 

De nhan duac polyme co khdi luang phan tu cao, phan ting trung ngung thuemg duac 
tifin hanh vdi sir co mat cua xtic tac va a giai doan cuoi su dung chan khdng d£ loai bo cac 
hap chat phan tu thip. 

Khac vdi phan ting trung hap chudi, phan ting triing ngung xay ra theo tirng bac va 
polyme khong duac tao thanh ngay lap ttic ma dbi hoi thdi gian keo dai. 
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8.1.3. Cac phucmg phap tien hanh trung hap 
8.1.3.1. Trilng hap khoi 

Phuang ph£p trung hap khoi la mbt trong nhOng phuong phap phb bien trong cbng 
nghiep tbng hap polyme. Db thuc hibn phan ling chi cdn mot luang c£u tir t6'i thieu: monome 
v& ch£t khai ddu. 

Polyme nMn dugc cd db tinh khiet cao, khbng bj nhibm ban bbi cac cau tu khac. Day 
chuybn cbng nghb dan gian. 

Nhuac di^m chfnh cua phuang phap nay la kho thoat nhibt phan urng, do vay kho dibu 
chinh van tbc cua qua trinh va su phan b 6 khdi luang phan tir cua polyme. Khi mire do 
chuyen hoa cao, do nhdt cua hbn hap phan ung ra't ldn dan den su thoat nhiet cue ky kho 
khan gay nbn sir qua nhibt cue bb. Hien tugng nay lam phan huy va thay dbi tinh chat cua 
polyme. 

8.13.2. Tritng hap dang dich 

Ngoai monome va chat khai dau con co mat dung moi. Nhiet cua phan ling nung nong 
va bay hai mbt ph£n dung mbi, nhd do khac phuc dugc nhugc dibm qua nhiet cue bo cua 
trung hap khoi. Ngoai ra, db nhdt cua h6n hop phan ling nhd han nen sir khua'y trbn tdt han. 

Trimg hap dung dich it dugc sir dung trong cong nghiep han so vdi trung hap khdi vi 
dung mbi tinh khiet thudng rat ddt. Phuang phap nay chi dugc diing trong trudng hgp 
polyme dugc sir dung dudi dang dung dich. 

8.133. Trung hap huyen phu 

Trung hgp huydn phu la bib'n thb cua trimg hgp khoi, mac du bb ngoai c6 ve giong 
trung hgp nhu tuang. 

H6n hap phan dng bao g6m: 

■ Monome 

■ CMi khdi ddu (tan trong monome) 

■ Mbi trudng ph£n tan - nude 

■ Chat dn dinh 

Nhd su khuay trbn manh libt, monome phan tan trong mbi trucmg nude dudi dang giot 
cd kfch thude tCr0,01 dbn 0,05 cm. 

Ty le monome va nude tir 1/3 db'n 1/1. Mbi giot monome trong he huydn phu dugc coi 
la nhung thiet bi phan ling trung hop khdi cue nho cd bd mat thoat nhibt vdi mbi trudg nude 
ldn nen tranh dugc hibn tugng qua nhibt cue bb trong trung hgp khdi. 

Ciing vdi su tien trien cua qua trinh trimg hop, db nhdt ben trong cac giot tang lbn. do 
d6 vibe chia nho cac giot da dinh kdt vdi nhau bang sir khuay iron dan thuan trd nen kho 
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khan. De ngan chan hien tuang dmh kdt cac giot vdi nhau can b6 sung cac cha't 6n dinh. Cac 
chat 6n dinh thudng dung la cac polyme tan irong nude nhu polyvinylancol, metyl xenlulo. 

Nhugc diem cua qua trinh trung hop huydn phu la polyme bi nhidm ban bdi cha't on 
dinh, do do polyme thu dugc sau phan ung phai qua cong doan rira va say. 

8.1.3.4. Trung hap nhu tuang 

Trung hop nhu tuang la phuang phap edng nghi6p cue ky quan trong dd tong hap 
polyme. San lugng polyme tren the gidi nhan dugc tCr phuang phap nay len tdi hang chuc 
trieu t£'n/n&m. 

So d! phuang phap trung hap nhfl tuang dugc urng dung nhieu la do no co mOt loat uu 
diem han han so vdi trung hop khoi va trung hop huydn phu: 

• Van tdc trung hgp cao; 

• Nhi£t d6 phan urng thap; 

• Su phan bd khdi lugng phan tu polyme d6ng ddu hon. 

H6n hgp phan ung bao g6m: 

- Monome (khoang 30 h- 60% khoi luong cua moi trudng phan tan); 

- Chat khdr ddu tan trong mdi trudng phan tan; 

- Moi trudng phan tan (thudng la nude); 

- Chat didu chinh khoi lugng phAn tu; 

- Dung dich muoi dem dd on dinh do pH cua moi trudng. 

Chat khOi dau tan trong mdi trudng nude co thd la pesunfat amoni hoac he oxy hoa - 
khu nhu hydroperoxyt va ion Fe 2+ . 

Chat nhu hoa thudng dung la muOi cua axit beo (xa phong). Chat nhu hoa thudng dugc 
bieu didn nhu sau: 



Phan ua nude Phan ki nude 

Chat nhu hoa tan rat it trong nude va tao ra tap hgp hang tram phan tu - goi la mixel. 
Mixel co dang hinh c3u hoac hinh tarn co kfch thude tu 0,01 -j- 0,03 pm (xem hinh 8.1). 



Ilinh 8.1. Hinh dang mixell 


169 



Mot ph3n nho monome hoa tan trong phan ki nude cua cac mixel, c6n ph£n Idn tdn tai 
dudi dang cac giot nho kfch thude tir 1 10 pm dupe bao phii bdi cac phan tir chat nhu hoa. 

Phan ung trung hop xay ra ben trong cac mixel, monome trong cac giot la lucmg du 
tru b6 sung vao cac mixel. K£t thuc phan ting, hat polyme cd kfch thude tir 400 * 800 A 
duoc loai bo chat nhu hoa, r6i rua va say. 

Nhupc diem cua phuong phap nhu tuong la polyme bi nhidm ban bdi cha't nhu hoa do 
do tmh chat each dien cua polyme kem hefn polyme nhan duoc bang phuong phap huyen phu. 

8.2. GIA CONG VAT LI$U POLYME 
8.2.1. Tinh chat gia cong cua vat lieu polyme 

Da sd vat lieu polyme thdng dung dupe gia cong d trang thai nong chay, sau do lam 
lanh. Do do, d^ ki^m tra va dieu chinh cac bude gia cong, ngudi ta thirdng sir dung cac dai 
luong khong cd thir nguyen nhu do dim, kha nang dien khudn, kha nang keo spi, kha nang 
djnh hudng. Nhtfng dai luang nay dupe thd hidn qua cac thdng s6 thuc te (chi so chay, chi so 
didn khudn v.v...) se xet dudi day. 

a. Phan loai phuerng phap gia cong 

Muc di'ch cua gia cOng la bien ddi vat lieu polyme d dang xuat xudng (hat, bot, chat 
long nhdt v.v...) thanh dang san pham de sir dung. Thdng thudng trong gia cong thudng kem 
theo cac bien ddi vat ly, nhung cung co nhidu bid'n ddi hoa hoc cua vat lieu co the xay ra. 

Co thi chia cac phuong phap gia edng thanh ma'y nhom. 

1. Dun don thuan: vat lieu duoc ep qua d£u dim djnh hinh thanh san pham nhu d'ng, 
tarn, cac profile khac nhau hoac boc cac loai cap. 

2. Dim kem theo mot cong doan xir ly: sau khi vat lieu qua ddu dim c£n cd mdt edng 
doan xir ly ti£p theo di dinh hinh san ph^m, vi du thoi mang, thdi khudn, keo spi, keo mang 
co xir ly nhidt v.v... 

3. Tao hinh trong khudn: vat lieu dupe dua vao khudn dd dinh hinh bang each ep phun 
(injection) hoac dp ap luc (compression). 

4. Gia cong tao hinh:la tap hop cac phuong phap dinh hinh san pham nhu tao hinh 
bang chan khong, can ep, due quay, tao xd'p v.v... 

Dac trung chung cua tat ca cac qua trinh gia cong tren cd the dupe md ta qua cac edng 
doan sau: 

- Trdn co hoc, lam nong chay va ddng hoa; 

- Van chuyen va dim; 

- Keo hoac thdi (ban than vide dinh hinh); 

- Lam lanh va hoan thien. 
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M6i mdt qua trinh gia cdng d&u phai dap Png mdt s 6 ydu cau nao do ve mat kinh t£. 
Thdng thircmg phuong phap c6 lgi nhat v£ kinh te (gia re nha't) lai la kem nhat ve mat cdng 
nghe. Vi vay mdt qua trinh dupe thuong mai hoa thudng phai la mOt su thoa hiep giOa chat 
lupng cao va gia thanh ha. 

Co ba van d6 dac bidt quan trong c4n chu y khi xet den viec gia cdng poly me: 

1. Kha nang gia cdng (hoac tai sinh) ciia polyme. 

2. Kha nang ki6m tra dirge qua trinh. 

3. Anh huong cua qua trinh den tinh ch£t san phalm. 

Sau day la mdt sd' tinh cha't quan trong lien quan de'n gia cdng polyme. 

b. Mot so tinh chat gia cdng quan trong 

1 . Kha nang ep dun 

Trong qua trinh ep dun, polyme nong chay dupe ep lien tuc qua dan dim vpi thie't dien 
cho trude de tao hinh san ph£m khi lam lanh. Co nhilu dang thie't dien (profile) nhu: 6ng, 
ta'm, mang, ong dac, spi va cac hinh khac. 

Dd nhdt trugt (q) la tinh chat quan trong nha't xac dinh kha nang ep dim cua polyme. 
No phu thuoc rat ldn vao nhiet dd va irng sua't trupt (turc Ik vao gradient ap suat). Vi vay, 
ctmg vpi hinh hoc cua may ep dim (L / d) dai lupng nay se quyet dinh cdng suat ep dim. Noi 
each khac, ba thdng sd' quan trong nhat trong qua trinh ep dhn la: 

Ap.d L q 

qi- ’ d q () 

Trong do: 

Ap - dd giam ap suat; v - toe do trung binh cua polyme nong chay (lien quan true tiep 
vdi ty sua't chay); L, d - do dai va dudng kinh dac trung cho may; q - do nhdt trupt; q„ - dp 
nhdt tai ty sua't trupt bang 0. Trdn thue t£, de dinh lupng kha nang ep dim cua polyme, cd hai 
tinh cha't c£n xac dinh: 

- Chi sd' chay (MFI hoac MI). 

- Td'c do chay tai cac ap sua't (va nhiet do) khac nhau. 

Chi so chay 

Chi sd' chay la dai lupng dupe sir dung rong rai d^ danh gia kha nang ep dim cua nhua 
nhiet deo, nha't la polyolefin. Theo phucrng phap lieu chuan, do la lupng polyme dupe dim 
trong 10 phut b nhiet do co dinh (190°C) qua dau dun vdi dudng kinh 16 la 2,2 mm va kho'i 
lupng tidu chudn ep len piston la 2160 g (ASTM D 1238). 

Tuy dupe sir dung rong rai, MI cung cd mdt so' nhupc di£m: 

- Ty sua't trupt cua cac polyme khac nhau co the rat khac nhau do dac tinh khdng 
Niuton khi chay. Vi vay, cac polyme co cimg gia tri MI co th£ co kha nang gia cdng rat 


171 



khac nhau. 

- Nhiet do ti£u chuan 190°C la dugc chon cho polyetylen, vi vAy vdi cac polyme khac 
nhiet dd nay thudng l't phu hop. 

- Bien dang cua polyme nong chay phu thuoc thdi gian, trong khi do khong co sir di4u 
chfnh nao doi vcfi su M't thudng cua dong chay tai di£m vao va ra khoi d£u dun trong qua 
trinh xac dinh MI. Sir dieu chinh cung la din thiet khi do MI ciia cac polyme vdi cac dac 
trung chay khac nhau. 

Mac du v&y, MI la mol trong nhung thdng s6 dirge su dung rong rai nhdt irong cong 
nghiep do su don gian cua no. Trong bang 8.6 la mdt so gia tri MI can co vdi cac che do gia 
cong khac nhau. 


Bang 8.6. Gia Irj MI cho cac cong ngh£ 


Phuong phap gia cong 

San pham 

Gia tri MI can thiet 


Ong 

<0,1 


Tam, chai, ong mong 

o 

+ 

© 

L/l 

Ep dim 

Boc cap 

0,1 - 1 


Tam mong, sgi don 

0,5 - 1 


Mang 

9-15 

Ep phun 

San phiim th6ng thudng 

San pham mong 

1 -2 

3-6 

Phu 

Giay phu nhua 

9-15 

Tao hinh chan khong 

Cac loai san pham 

0,2 - 0,5 


Gia tri MI = 1,0 tuong duong d6 nhdt chay 1,5.10” 4 N.s/m 2 (1,5.10 5 pois). 

* Bieit do toe do duly 

Viec xac dinh su phu thuoc cua tdc do chay (ti'nh bang khoi lugng hoac the rich 
polyme chay qua thiet dien trong I don vj thdi gian) vao nhiet do va ap suat se cho bie't 
nhiSu thong tin vi qua trinh chay. 

Cac kct qua do tren duoc dung de xay dung d6 thi: 

32 . Ap . , 

--<j> n! ) --f- (hoic y r | 0 - t) 

Tid 1 4 L 

d 

Trong do: § - luu lugng chay (the tfch chay trong 1 don vi thdi gian); d, L - dudng 
ki'nh va dd dai mao quan; y - ty suat trugt; x - irng suat trugt; Ap - do giam ap suat. 

Tir do co the danh gia anh hudng cua ap suat va thong so hinh hoc cua may den toe do 
chay neu biet mdi tuong quan q 0 - T. 
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2. Khd ndng dien khuon 

Khac vdi qua trinh ep dun, qua trinh ep khuon duqc thuc hien m6t each gian doan: 
polyme nong chay duqc ep vao khudn du cho m6t san pham r6i lam lanh ngay sau do de co 
hinh dang c5n thi£t. M6t so thong so duch day co the' dirqc dung d£ danh gia kha nang dien 
khudn cua polyme. 

* Do dai chay xoan oc 

Day la mdt chi so dirqc su dung rong rai de danh gia do dien khu6n cua polyme. De 
xac dinh chi s6 nay nguefi ta sir dung khu6n hinh xoin 6c (hinh 8.2). 

Polyme nong chay duqc bam vao khuon 
dudi mot ap suat, chay theo hinh xo^n oc va 
ngudi ddn. Do dai cua polyme trong khudn 
chinh la k£t qua thir nghiem (dd dai chay xoSn 
oc). Hinh dang cua khuon, nhiet do va ap suat 
deu duqc chuan hoa. 

Dd dai chay xoiln 6c cua polyme phu 
thude vao hai nhom bien so: dicu kien gia edng 
(nhiet do, ap suat, duang klnh duang xodn) va 
cac tinh ch£t luu bien, tinh chat nhiet cua 
polyme (dd nhdt, do dan nhiet, mat do, entalpi 
cua vat lieu polyme). 

Trong cac nghien curu cua Holmes va edng su da chi ra rang do dai duefng xoan oc phu 
thude vao sutruyen nhiet (hinh 8.3). 

Thitih khufin 


a) b) 

Hinh 8.3. Dong chay va sir d6ng dac trong khudn. 

Co the th£y polyme nong chay khi tran vao kenh diin trong khuOn se bi d6ng dac lai 
tai vj tri tiep xuc thanh kenh d£n, dieu do lam thie't dien dong chay nho di (hinh 8.3.a). Qua 
trinh lam lanh tai thanh khu6n se tiep dien cho tcri khi lap polyme dong dac tai 2 phia doi 
dien chap vao nhau va dong chay ngirng lai (hinh 8.3b). 

C) ddu doan dong cung se co mdt loi chat long con lai sau khi dong chay ngirng lai. 





Hinh 8.2. Khudn chay xodn. Ld bam 
nhua nam cr giura khu6n. 
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Loi nay se tiep tuc dong dac a trang thai khong chju trng suat va do do se co tinh dang 
quang (ding hudng quang hoc), trong khi do toan bo do dai con lai cua dudng xoin bi d6ng 
dSc ducri mot img su£t diy n£n se btft dang hirdng ve quang hoc (luang chiet). 


Neu dimg ap su£t bom trirac khi dbng chay bi ngtrng lai do truy6n nhiet, d6 dai dudng 
xoan 6c se ngin han. Vi vay, bang each duy tri lire bam v6i nhirng khoang thdi gian khac nhau 
co the x£c dinh thcri gian can thie't de co do dai ducrng xoSn oc L Ion nhtft (con goi la then 
gian dimg lam lanh - freeze - off time - q). Co the xac dinh gan dung tj theo cong thuc sau: 


(AH) d 2 , 

tf ~ C - p — = fl 

l AT/ A. 


T - Tl 


( 8 - 1 ) 


Trong do: AH - hieu entalpi cua polyme long va polyme d6ng dac; p - mat d6 polyme 
d6ng dac; AT - hieu nhiet d6 cua polyme nong chay va thanh khu6n: d - dudng kmh hieu 
dung cua kenh din; X - d6 din nhiet cua polyme dong dac; C - hSng s6 phu thu6c hinh hoc 
thi6t dien kenh din; T r * n , T, T k - tuang ting nhiet do polyme dong dac, nong chay va nhiet d6 
khu6n. 


Trong phuang trinh tren co thd thay kh6ng cohaiySu t6 la d6 nhcrt va ap suit bom vi 
chung chi co anh htrdng tori qua trinh chay ma khong lien quan gi den qua trinh truyen nhiet. 

3. Kha nang keo sai 

Tinh chit nay la kha n&ng cua polyme chuydn sang dang scri lien tuc a the riin nhd qua 
trinh keo d trang thai chay. Nhu vay polyme co kha nang keo scri cin thoa man ba yeu cau: 

- Co d6 b4n nhiet va ben hoa cao 6 nhiet dd du ldn, tile la nhiet do ma polyme co thd 
chay qua 16 keo. 


- Sai chat long phai du bdn de khong bi hu hai trong qua trinh dong ran. 

- Sai phai co d6 gian dai ldn trong qua trinh keo. 

Yeu cau thti nhat phu thu6c vtii ban chat polyme, con hai yeu can sau g£n lien vtii dd 
6 n dinh cua dong chay, 

* Do dn dinh cua sai chat long trong qua trinh keo 6 the nong chay 

Trong dieu kien keo ti th4 nong chay polyme, btic tranh se rat phtic tap do toe d6 dong 
chay ludn luon tang (dudng kmh dong chay giam), trong khi ban than chat long khong tuan 
theo dinh luat chay Niuton. Ngoai ra, nhiet dti giam xudng keo theo cac tfnh chat vat ly cung 
thay d6i. Tuy vay, do 6n dinh cua chat long phi Niuton trong dieu kien keo kh6ng dang 
nhiet phu thu6c nhieu vao ty so v.r| / X, trong do v - toe d6 dong chay, q - d6 nhat, y - sire 
cang be mat. Trong da s6 trudng hap, dong chay co the coi la dn dinh neu he thtic sau duac 
thoa man trong ca viing chay: 


d y 


( 8 - 2 ) 
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Trong do: L max - d6 dai dong 6n djnh Idn nha't; d - dudng kmh ddng chay; cActhdng 
s6 T), v, y da n6u tr£n. 

Trong bang 8.7 neu len umg dung ti6u chuAn dong chay bin ddi vdi ba loai v&t lieu chay. 
Bang 8.7. Ap dung ti£u chuan dong chay b£n cho cac loai vat lieu chay 


Th£ ndng chay 

q; N.s/m 2 

X; N/m 

tiA 

Kim loai 




Thuy tinh 




Polyme 





Ttr bang 8.7 co th6 thA'y de co dong chay 6n dinh (thoa man phirong trinh 8.2) kim loai 
phai dugc keo vdi t<5c d6 cao khong thuc ttf (tr6n 5000 m/s cho soi dudng kfnh 1 mm va 66 
dai 10 m). Su that la thuy tinh co thi keo soi tir the ndng chay, con kim loai thi khdng the. 
Cung tir bang tren cho tha'y polyme c6 dd nhdt b thi nong chay cao la y£u ciu quan trong de 
co thi keo soi tir the nong chay. 

* Hieu ting tttgia cuting trong qua trinh keo a the nong chay 

Trong qua trinh keo d th£ nong chay, dd nhdrt cua polyme se tang len. Hieu ung nay 
dugc coi la sir “tu gia cudng” cua polyme trong qua trinh chay. Do nhcrt tang len do 2 yeu to: 
do ban ch^t polyme (dac tfnh khdng Niuton khi chay) va do su giam dan nhiet do cua dong 
chay. Mac du ca hai yeu to tren diu c£n thi£t cho qua trinh keo soi d the nong chay nhung 
cung co nhi4u trudng hop khong quan sat th&'y sir tang do nhdt trong qua trinh keo. Ngiroc 
lai, d6 nhdt cd the giam di khi tdc dd bid'n dang tang. 

* Do ben cua the nong chay 

Dong chay long co thi bi ngat gay trong qua trinh keo. Sir gay nay lien quan den do 
ben ket dinh ndi ciia polyme ndng chay, con goi la dd bin cua the nong chay. 

Mot phuong phap thu nhanh do ben cua thi nong chay dugc thuc hien nhu sau 
(Brusse, 1967). Polyme long dugc dim qua mdt 16 kich thude tieu chu^n vdi mdt tdc dd c6 
dinh. Sgi polyme dugc chay ra dugc quin vao puli vdi toe dd khac nhau: trong qua trinh thu, 
tdc do quan dugc tang din cho din khi sgi dirt, dong thdi luc keo dugc ghi lai theo thdi gian. 

Cac polyme thudng khac nhau rat xa ca ve do bin thi nong chay lAn \i dd keo dai toi 
da cua sgi. Vdi mot polyme, dd bdn the nong chay se tang khi dd nhdt tang. 

Phuong phap trdn r&'t hOu hieu de’ so sanh cac polyme. Tuy nhien, su giai thfch ve ly 
thuyet gan nhu khong thi thuc hien dugc vi tien su polyme (ve nhiet do va irng suat) thudng 
khOng xac dinh dugc. 

4. Khd ndng dinh hitting 

Day la kha nang cua polyme a trang thai ran (v6 dinh hinh hoac tinh the) co the dinh 


175 









hudng iheo mdt hudng nao do (ddi khi theo hai hudng). Cdng nghe dinh hudng polyme 
thudng chi co lai cho nhting san ph£m co ty le hinh dang (dp dai / dudng kfnh) ldn nhu spi, 
mang v.v... vi muc di'ch cua no la hoan thien ti'nh chat co hoc, dac biet la theo hudng keo. 

Trong cong nghiep, phuong phap dinh hudng quan trong nha't la keo (drawing) tao spi 
hoac mang, mac du mot vai phuong phap khac, nhu can trang chAng han, cung tao nen hieu 
ting dinh hudng. 

Hien tupng thudng gap nh£t khi keo la tao thanh “co eo”, turc la giam dudng kfnh mAu 
trong khi keo. 


Khi xuat hien co eo, vdi dien tfch thi£ft dipn la A, ling suAt tai do se la: 

F 

o - — 

A 


(8-3) 


Trong do F - luc keo tac dung len mAu. 

Vdi diPu kien mAt dp vAt lipu khdng d6i ta co: 

A(j _ AL 
A AL 0 


(8-4) 


Trong do: A 0 - dien tfch thiet dien ban dau cua mau; AL - chieu dai phAn “cd eo”; AL 0 
- chiPu dai ban dau phAn “cP eo”; A - dp bien dang cua co eo. 

K6't hop (8-3) va (8-4) dupe phuong trinh: 

F , 

O --A 

An 

Nhu vAy, vdi luc keo khong dpi, 
ung suat se tang ty le thuan vdi do bien 
dang. Tren hinh 8.4. su phu thuoc nay 
dupe biPu diln bang dudng ngAt quang. 

Tuy nhien, do co che bien dang cua 
polyme kha phuc tap nen cong thuc 
tren khong hoan toan dung vdi thuc te. 

Nhieu polyme co dudng cong 
bien dang - ling suat vdi hai diem uon 
khi xu£t hipn cP eo (hinh 8.4, dudng 
liAn). Hien tupng nay doi khi dupe goi 
la “tu gia cudng”. Hai diPm A va B tren 
do thi cho thay vdi ty suat keo khac 
nhau (do bien dang khac nhau) co thd cung t6n tai hai dipn tfch thiet dien ngang khac nhau 
tren mpt mAu. Nhu vay, co nghia la phAn vat lieu vdi thiet dipn d diPm A se chuyPn sang vat 
lieu co thiet dien d diPm B khi spi dupe dinh hudng. 



Hinh 8.4. Dudng phu thuoc cua ung suat o 
vao dd biPn dang. 
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Vi vay, tieu chuan d3u tidn cua sir djnh hudng la dudng cong bien dang - ting suat cua 
vat lieu phai cho tha'y sir “tu gia cucmg” (hinh 8.4). Tuy nhien day la dieu kien cin nhung 
chua du. C£n co lieu chudn thti hai la vat lieu c£n co dd linh dong phan tir du Idn de co the 
dap ling duoc sir giam thiet dien kha nhanh. Do linh ddng nay phu thuoc ca'u true vat lieu. 
Th6ng thudng, polyme ban tinh the keo duoc d khoang nhiet do dudi nhiet do nong chay 
mdt chut va cao hem nhiet dd hoa thuy tinh mdt chut. Con polyme vd djnh hinh thudng duoc 
keo b khoang xung quanh nhiet dd hoa thuy linh. Can 1 uu y la khi toe do keo du ldn, nhiet 
dd cua soi polyme c6 the cao hem dang ki so vdi xung quanh. 

Thdng sd dinh luong thudng duoc sir dung de mo ta hien tuong keo duoc goi la “ty 
suat keo tu nhien”. Tren hinh 8.4, day la do bien dang cua cd eo tuong ting vdi di£m B. Ty 
suat keo tu nhidn khdng phai la hang sd\ no phu thuoc vao dieu kien thi nghiem, vf du nhiet 
dd hoac tdc do keo. Tuy nhien mtic dd dao dong cua gia trj ty sua't keo lu nhien co the cho 
bie't thdng tin vt§ kha nang djnh hudng cua mdt polyme nao do. Noi chung, v4i lieu polyme 
co the chia lam may nhom sau: 

- Polyme vo djnh hinh di^n hinh, vf du polystyren hoac polysunfon. Loai nay thudng 
co dd tu gia cudng tha'p, ty suat keo tu nhien khoang 1,5 -s- 2,5. 

- Polyme co kha nang ket tinh mdt ph£n trong qua trinh keo, vf du mot vai soi tdng 
hop nhu polyeste, polyamit. Ty suat keo tu nhien cua chung khoang 4 ^ 5. 

- Polyrfi'e linh the dien hinh nhu polyetylen, polypropylen. Ty suat keo tu nhien cua 
chung kha cao: 5 + 10, va neu ke't hop vai mot so thu phap keo soi dac biet, gia tri nay co 
the dat den 50. 

Noi tom lai, kha nang dinh hudng cua polyme phu thude vao su dong cting (tu gia 
cudng) khi bid'll dang cua no. Dieu nay lai phu thuoc vao vimg nhiet dd ma tai do phan tu 
polyme ih£ hien duoc dd linh ddng du Ion. 

8.2.2. Tao hinh khong phoi vat lieu polyme 

Tao hinh khong phoi san pham polyme co the hieu la cac qua trinh cong nghe che tao 
ra san pham tir nguyen lieu dau khdng qua giai doan tao phai va gia cong co khf. Cac qua 
trinh edng nghe nay co th 6 tom tat ngan gon la "tao hinh va djnh hinh”. Chung bao gdm mot 
sd ky thuat chung sau day: 

1. Tao hinh d the nong chay - diing cho ca polyme nhiet ran va nhiet deo. Nhom nay 
bao gom ep dun, ep phun, ep khuon, can trang. Day la nhom cong nghe quan trong nhat. 

2. Tao hinh polyme b trang thai mdm cao (rubbery) - bao gom tao hinh chan khdng, 
tao hinh ap suat va ep ap luc. 

3. Tao hinh tir dung djeh. 

4. Tao hinh tir nhu tuong. 

5. Tao hinh tir cac polyme phan tir luong lhap hoac tien polyme de’ tao thanh san pham 
co phan tir luong cao hon. 
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Cac phirang phap thu 3 va thti 4 thucmg kern theo c6ng doan tach dung mdi hoac lam 
kh6 sau khi tao hinh san pha’m. Phirang phap thur 5 dugc hoan lhanh irong qua trinh d6ng 
trung hap cac nguy^n lieu ddu. Trong pham vi chuang nily se chi xet cac va'n d6 lien quan 
de'n hai nhom phuang phap d^u. 

a. Tao hinh khong phoi nhua nhiet deo 

Nhung nguyen tac ca ban nha't cua.qua trinh tao hinh polyme nhiet deo co the dugc 
minh hoa trong hinh 8.5, bao gom ep dun, ep phun, th6i chai, can trang. 

De nang cao t6'i da hieu suat sir dung cua tirng phuong phap can xet den mot loat cac 
y£u t6 sau: 

- Kha nang hut am cua polyme compound. 

- Dac tinh cua hat. 

- Cac tinh chat nhiet co anh huong d£n su nong chay va lam lanh polyme. 

- D6 b£n nhiet. 

- Tinh chat chay. 

- Kha nang ke't tinh. 

- Kha nang djnh hudng. 
a) 


Bo itmty Jifri |nj 



Ilinh 8.5. M6t s 6 phuong phap tao hinh nhua nhiet deo: 
a- ep dim: vat lieu dugc dim lien tuc tir true vlt qua d^u dim de’ tao ra san phaim co 
thie't dien c 6 djnh; b- ep phun: vat lieu dugc phun ngat quang nh6 chuye’n dOng tie'n - 
liii cua bom true vft vao khu6n co nhiet do thap hon de djnh hinh trong khu6n; 
c- th6i chai: d£u diin dugc dua vao trong khu6n 6 nhiet dd cao hon die’m chay cua vat 
lieu; d- can trang: vat lieu d trang m6m dugc can thanh tarn giCra c£c true can. 
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* Kkd ntfng hut dm cua polyme compound 

Compound - do la hdn hop cua polyme vdi cac phu gia va chat ddn (cha't chong lao 
ho£, mau, bpt ddn, v.v...). Dieu rat quan trong la compound khdng dupe co nude va cac cha't 
long c6 do sdi thap. Cac cha't long nay co th6 tao ra hoi 6 nhiet dd gia cong cao dan den tao 
ra cac 16 hong va mot so khuy£t tat khac trong san pha’m. Nhiet dd gia cong cang cao thi 
ham lupng nude cho phep trong san pham cang tha'p vi nhiet dd cao hon se tao ra the tfch hoi 
ldn hcfn vdi cimg mdt khd'i luong nude. Vi du, vdi polycacbonat (gia cong d 300°C) ham 
luong nude cho phep nho hon 0,02%, con vdi axetat xenlulo (gia cong d 170 (> C, luong nude 
tdi 0,3% la ch^'p nhan duoc. 

Can luu y la compound tren co so cac polyme ky nude van co the hut aim do sir co mat 
cua cac phu gia ua nude. 

* Dae link cua hat nln/a 

Nhieu khi tren thuc ngudi ta sir dung cac hat nhua vdi kich thude va hinh dang khac 
nhau nh$n dupe tir cac thiet bi tao hat khdng chuain. Tuy nhien, ne'u cac hat co hinh dang va 
kich thude d6ng nhat thi toe do dun qua se cao hon nhieu. Ngoai ra, su dd't nong va dieu 
khi^n cac tinh chat chay cung se td't hon han d6i vdi moi cong nghe sir dung hat ddng deu. 

* Cac tinh chat nhiet co anh futong den sit nong chdy va lam lank polyme 

Cac polyme compound rat khac nhau ve nhiet luong c£n thiet d6 dua chung len tdi 
trang thai nong chay. Tham chi co the vdi nhiet do nong chay nhu nhau, nhiet luong c£n 
thie't di nong chay hai polyme co th6 rat khac nhau (x. polyetylen va polystyren - bang 8.8). 

Qua trinh lam ngudi, cu th6 la toe do lam ngudi, co anh hudng ldn den tinh chat 
polyme. No anh hudng trude het den cac qua trinh hdi phuc ben trong vat lieu, tir do gay ra 
su b£t dang hudng ve tinh chat co hoc (thay ddi mure dd dinh hudng phan tir, tao ra cac ting 
sua't ndi v.v...). Tdc dd lam ngudi cung anh hudng de'n toe dd phat trien tinh the, ma polyme 
vdi ca'u true tinh the ldn se co tinh chat khac han polyme vdi ca'u true tinh the nho. Vi vay 
c£n dac biet quan tarn den toe do lam nguoi, nha't la vdi cac san pha'm co do day ldn vi td'c 
dd lam ngudi tren be mat (noi tid'p xuc vdi khudn) va trong long san pham se rat khac nhau. 

* Dd ben nhiet 

Cac polyme co do ben nhiet rat khac nhau. Vi vay, d6 lien hanh gia cong polyme 
thanh san pha'm cin xem xet dd ben nhiet cua polyme. Cu the la cac van de sau: 

- Vat lieu co the chiu dupe nhiet dd gia edng trong bao lau khi co hoac khong co oxy? 

- Neu vat lieu (hoac san pham) khdng du ben nhiet thi cac tinh chat bi anh hudng the' nao? 

- Ne'u vat lieu bi phan huy nhiet thi cac san phim phan huy la gi? 

- Su phan huy nhiet lieu co dupe xuc tac bdi kim loai co trong thiet bi hoac bdi cac 
hoa chat khac co trong polyme khdng? 
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Viec lam ro va giai quyet cac va'n d£ tren se cho phep chon che dp va thiPt bi gia cong 
dung dan, tranh dupe sir phan huy nhiet cua vat lipu trong qua trinh gia cong. Dac bipt can 
liru y sir phan huy sinh ra cac san pham khi co the lam vat lipu bi rfing, xop va anh hudng 
xSu dPn cac tinh chat, nhat la tinh chat co hoc cua san pham cudi ciing. 

* Suket fitih 

Su ktft tinh xay ra khi cac phan tu dupe sap xdp mpt each trat tu. Vide sap xdp nhu vpy 
lam tang mat do vat lieu, d6ng thcri su co ngot cung tang: do co trong khu6n cua polyolefin 
tinh the vao khoang 0,015 -5- 0,06 cm/cm, trong khi gia tri nay cua polyme vo dinh hinh chi 
khoang 0,005 cm/cm. Su sap xtfp chat che cung lam tang tuong tac gitfa cac mach phan tu, 
do do tinh chat co hoc co th£ tang. 

Nhin chung, su sdp xep cac phan tu thanh tinh the phu thuoc vao each xay ra ket tinh: 
co tac nhan tao mdm tinh the’ hope khong co tac nhan. Toe do lam lanh cung co anh hudng 
nhat dinh. Vi vpy di dam bao chat lupng san phaim can kiem soat chat che cac yeu to tren. 

* Dinh hudng co ngot 

Trong qua trinh gia cong, cac phan tu polyme co the bi du6i dai ra. Khi luc gay bien dang 
(vt du d6 day nhua vao khuon) da thoi tac dung, cac phan tu bat drill co lai, nhung chung co 
the khong kip co lai hoan toan do nhiet do da ha xudng dudi nhiet do hoa thuy tinh T g . K£t 
qua la tao ndn su dinh hudng con lai trong san pham va tuong ling vdi no la ting suat du noi 
tai. No gay ndn su ba't dang hudng v6 tinh chat va vat lieu d6 bj pha huy khi chju va dap. 

Nhin chung su dinh hudng con lai phu thupc cac yeu 1 6 sau: 

- Mtic dp dinh hudng ban ditu - phu thuoc vao ty suat trupt cua dong chay. 

- Thdi gian h6i phuc ciia polyme nong chay trong khoang tir nhiet do gia cOng T p tdi 
nhiet dp ddng dac T s (T s la nhipt dp hoa thuy tinh T^ vdi polyme vo dinh hinh va nhiet dp 
nong chay tinh th i T nc doi vdi polyme tinh Ihi (T g < T nc < T m ). 

- Thdi gian lam ngupi tir T p xuong T s . Didu nay phu thuoc vao nhiet dp mdi trudng 
xung quanh va nhiet dung rieng ciia vat lieu polyme nong chay. 

Dp co ngot cung la mot yeu to anh hudng dd'n san phiim. Nhu da neu tren, polyme tinh 
the co dp co ngot idn han polyme v6 dinh hinh. Nhung yeu to chinh lam tang dp co ngot la: 

- Tang nhiet dp khuon - dong nghla vdi keo dai thdi gian cho su ket tinh kip xay ra vdi 
mot toe dp hpp ly. 

- Giam thdi gian cap lipu vao khudn^- nghia la giam lupng vat lieu trong khuon. 

- Giam ap suat cap lieu - cung la giam mat dp vat lipu trong khudn. 

Thong thudng dp co ngot doc hudng dong chay khac vdi dp co ngot ngang hudng 
dong chay. Vifc tang nhiet dp chay thudng lam giam dp co “doc hudng” nhung lai tang dp 
co “ngang hudng”. Tuy vay dp co the rich lai ft chiu anh hudng cua nhiet dp nong chay. 
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Bang 8.8. Nhiet luang c£n thiet dei lam nong chay polyme 6 nhiet do gia cOng 

■ 

va nhiet toa ra khi lam ngupi tori nhiet do khuOn cua mpt s 6 polyme 


Polyme 

Nhiet 

gia 

c6ng; 

°c 

Nhiet dp 
khuon; 
(, C 

Ty 

trong 

Nhiet 

dung 

rieng; 

J/kg.K 

Nhipt can 
thie't lam n6ng 
chay 

Nhipt toa ra 
khi lam ngupi 

j/g 

J/cm 3 

J/g 

J/cm 1 

Polyetesunfon 

360 

150 

1,37 

1150 

391 

285 

242 

177 

Polyetylen terephatalat 









- Tinh the 

275 

135 

1,38 

2180 

556 



221 

- Vo dinh hinh 

265 

20 

1,34 

1970 

483 

360 

483 

360 

Polystyren 

200 

20 



310 

295 

310 

295 

Polyaxetal 

205 

90 

1,41 

3000 

555 

394 

345 

245 

Polycacbonat 

300 

90 

1,20 

1750 

490 

408 

368 

307 

ABS 

240 

60 

1,04 

2050 

451 

434 

369 

335 

Polymetylmetacrylat 

260 

60 

1,18 

1900 

456 

386 

380 


LDPE 

200 

20 

0,92 

2780 

500 

543 

500 

543 

HDPE 

260 

20 

0,96 

3375 

810 

843 

810 

843 

PP 

260 

20 

0,91 

2790 

670 

736 

670 

736 

Nylon 6 

250 

80 

1,13 

3060 

703 

623 

520 

460 

Nylon 66 

280 

80 

U4 

3075 

800 

701 

615 

539 


b. Tao hinh khong phoi polyme nhiet ran 

Su dong dac cua polyme nhiet ran sau khi dinh hinh xay ra nhb cac phan ling hoa hoc, 
con goi la khan mach (dong ran). Phircmg phap gia c6ng hay dupe sCr dung nhat la ep trong 
khuon, tuy nhien mpt sd phuang phap khac nhir ep dim, due, v.v... cung duac sir dung. 

Sau khi vat lieu polyme phan tir luang tha'p duac dua vao khuon (da dupe lam nong 
trude), vat lieu bat dau qua trinh dong ran. Dieu quan trong nha't la vat lieu phai chay d£y 
khuOn truoc khi phan ting dong ran (khau mach) phat trien den mtic suchay bi ngirng lai. Do 
dp dan nhiet kem, nhiet dp trong khoi vat lieu tai cac diem khac nhau se kh6ng gidng nhau, 
do do ca dp nhert lan toe dp dong ran vat lieu cung se thay ddi tai cac diem khac nhau. Ngoai 
ra, cac yeu 1 6 khac nhu nhiet sinh ra do ma sat khi chay, mtic dp say nong so bp cua vat lieu 
v.v... cung co anh hudng den dp nheft va tdc dp dong ran. Danh gia ddy du anh huang ciia tat 
ca cac yeu to tren den su chay cua polyme la rat phtic tap. Vi v&y, thong thucfng chi dua tr£n 
mpt sd danh gia djnh tfnh nhu sau: 

Thti nhat, tai nhiet dp cd dinh dp nhert cua v£t lieu polyme ph&n tir th£p thay ddi riti l't 
theo thoi gian cho ddn diem dong ran. Khi dat tdi diem nay dp nhdt se tang dpt ngpt tcri mire 
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CO th i lam ngting su chay. Nguyen nhan hiOn tircmg nay co thi giai thfch nhu sau. Moi phan 
tu polyme, di tham gia phan ting dong ran, thuOng c<3 ba nhom chtic. Trong dieu kien thi'ch 
hop, hai phan tti kO't hop vOi nhau tao ra dime vdi bon nhom chtic. TiO'p theo chung lai k£t 
hop thanh tetrame vdi sau nhom chtic, v.v... (hinh 8.6). 



Hinh 8.6. So d6 phat tri£n cua: a- monome, b- dime; c- trime. 


Mot each t6ng quat, khi tao thanh n-me no 
se c6 n + 2 nhom chtic trong phan tti. N£u ta co 
100-me s6' nhom chtic cua no se la 102, v& nhu 
vay kha nSng phan ting cua no se cao ga'p 34 l£n 
so vtii monome (ba nh6m chtic). Noi each kh£c, 
khi phan tti phat tri£n d£n mtic dO nao do thi se 
xua't hi£n phan tti mOi co kfch thudre nhay vot, 
trong khi khO'i luong phan tti trung binh s6 vin 
tha'p (vi khdi luong phan tti trung binh s 6 do cac 
phan tti nho quy£t dinh). Ket qua la dO nhtit tang 
vot nhu hinh 8.7. 

DiSu thti hai can tmh den la anh huong cua 
nhiet do d£n su chay. NhiOt do 
tang se lam tang tdc do chay cua 
vat lieu, nhung d6ng thdi cung 
lam tang toe dO phan ting khau 
mach. ThOng thuemg, 6 nhiet do 
thap anh huong cua nhiet do d£n 
tdc do chay chiem uu th£ nOn su 
chay tdng hop tang len khi nhiet 
do tang (hinh 8.8, dudng A). 

Tuy nhiOn nO'u tidp tuc tang 
nhiet do se thuc d£y phan ting 
khau mach, lam tang do nhdt va 
su chay tOng hop se di xuO'ng 


'B 

JS 

G 

S' 



Hinh 8.7. So d6 phat tri^n do nhOt theo 
thOi gian ti6u bieu cho phan ting trung 
ngung 6 di£u kien dang nhiOt. 



182 


Hinh 8.8. So dd su thay doi dO chay theo nhiet do 
A- Toe dO chay t6ng hop; B- Su tang toe do chay do nhiet 
dO; C- Su giam to'c do chay do phan ting khau mach. 



cho den khi ngimg hin. 

Ket qua cua hai qua irinh ngirqc chi£u nhau nhir trfin la su chay tdng hop cua vat lieu 
polyme di qua die’m cue dai tai mOt gia tri nhiet dd nao do. 

Trong cac phuong phap gia cong polyme nhiet rln, su dong ran khong bao gib xay ra 
hoan toan, nghia la kh6ng phai ta't ca cac vi trf hoat dong trong phan tu deu tham gia phan 
irng khau mach. Vi vay tmh chat vat ly cua san pham cung se thay doi tuy thuOc vao mire do 
khau mach cua vat lieu. MOt so tmh chat se tang len, mot s 6 tinh chat giam hoac di qua 
diem cue dai khi muc do khau mach (cung dong nghia veri thcri gian dong ran) tang len. Vi 
vSy viec lua chon mile do dong ran i&i uu c£n can cur vao viec tinh chat nao cua san pham la 
quan trong nhat trong khi sir dung. 

c. Gia cong ct trang thdi mem cao (caosu) 

Kha nhieu polyme khdng ih& gia cong duoc d trang thai chay nhdt do khoi luqng phan 
tu qua cao. Nguyen nhan cua dieu nay la polyme co the bi phan huy nhiet trude khi chay 
nhert. Trong trirong hap nhu vay, ngucri ta phai gia cong 6 trang thai mem cao. 

De gia cong co hieu qua, vat lieu can duqc dinh hinh a nhiet do cao hon nhiet dd hoa 
thuy tinh T g va thap hon nhiet d6 ma polyme nong chay hoac phan huy. Khoang nhiet do nay 
goi la khoang nhiet do m£m cao. Neil khoang nay hep qua thi c&n kiem tra chat che cac 
cOng doan ciia qua trinh va viec do't nong vat lieu thucmg duoc thuc hien ngay trong khuOn. 
Dieu nay thuemg gap trong cac phuong phap tao hinh chan khong di^n hinh. Neu khoang 
nhiet do mem cao du rOng, vi du trudng hap ta'm polymetylmetacrylat, ngudi ta co the ddt 
nong so bo tarn nguyen lieu rdi mdi dua sang may ep tao hinh. 




Hinh 8.9 . Mot s6' phuong phap tao hinh polyme trong trang thai mem cao: 
a~ chan khOng; b, c~ ap luc khi; d- ap luc co hoc; e- phuong phap ket hop. 
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Ben canh khoang nhiet dd gia cOng, c£n quan tarn de'n su khac biet ve modun (hay kha 
nang chdng lai bie'n dang) cua cac polyme trong trang thai m6m cao. Neu polyme duqc gia 
c6ng bang phuong phap tao hinh chan kh6ng ihi no phai co modun trong khoang nhiet d6 
m4m cao du nho d£ co the bie'n dang dtf6i ap suat khi quyen. Di£n hinh cho loai nay la 
polystyren chiu va dap, ABS, copolyme vinylclorua-vinylaxetat. Nhung voi nhttng polyme 
co modun Idn han (cling hon) nhir PMMA, PVC khOng deo hoa, dac biet la khi chung co d6 
day 1cm hoac hinh dang phurc tap, thi kh6ng th£ tao hinh chan khOng ma phai dung ky thuat 
ep ap luc (ap lure khi hoac ep co hoc). Trong hinh 8.9 la m6t so phuong phap tao hinh cho 
polyme 6 trang thai m6m cao. 

Cung nhu cac qua trinh gia c6ng polyme nhiet deo o the nong chay, viec dinh hinh 
polyme 6 trang thai mem cao cung duqc thirc hien bang each lam lanh trong khuon. Tuy 
nhien can luu y rang viec lam lanh duqc thuc hien trong khi polyme dang chiu ap suat trong 
khuon, vi vay su dinh huemg con lai ben trong do lam lanh se ra't 1cm. Su dinh huong nay se 
t6n tai trong suot thcri gian su dung cua san pham va d6 se la nguyen nhan khoi phuc lai hinh 
dang ta'm nguyen lieu d£u ne'u san phalm bi d6t n6ng. 

8.2.3. Cat 

Viec cat got vat lieu polyme thudng duqc su dung trong giai doan hoan thie-n san 
pham, vi du loai bo c^c vi tri thira vat lieu, tao cac 16 hoac cac profil khac, gia cong be mat 
v.v... Viec cit cung ra't can khi mol so chi tie't doi hoi sai s6 nho. 

Cac phuang phap cat (cat, tien, khoan v.v...) khoi dau duqc ap dung de gia cong kim 
Ioai, vi vay khi ap dung cho vat lieu polyme c£n tinh den mot s6' khac biet giua kim loai va 
polyme. 

Trudc het cln ti'nh den su khac biet ve tinh cha't nhiet. Chat deo co he so gian no nhiet 
16n hern kim loai nhi£u (co th£ tdi 10 lcin). Dieu nay co the lam sai so cua san pham chat deo 
bi thay d6i khi nong len (khi cat) va nguoi di (sau khi cat) nhieu hon so vdi san pham kim 
loai. Ben canh do, do dan nhiet cua chat deo cung kem hon nhieu, dan den su tod nhiet trong 
khi gia cong bi kem di va lam san phdm chay m£m hoac bie'n dang. Do do qua trinh gia cOng 
cat can phai tiin hanh ngat quang d£ giam bat luqng nhiet sinh ra. Doi vdi kim loai khi 
luqng nhiet toa ra 1cm qua ngudi ta thuong su dung cha't long lam mat. Tuy nhien v6i vAt lieu 
polyme can than trong khi su dung cac cha't lam mat nay vi mOt s6' chat long lam mat co the 
tuong tac v6i chat deo, thuc diy su an mon hoac phat trien cac ve't nurt, nha't la cac vet ntit be 
mat sinh ra trong qua trinh cat got. 

Ngoai ra, sau khi gia cong viec tay sach cac cha't long lam mat khoi chi tie't chat deo 
nhieu khi cung ra't kho khan. 

M6t trong nhung phuong phap don gian nha't de giam luqng nhiet toa ra khi gia cong 
la keo dai thcfi gian cat va giam luqng vat lieu dua vao cho mot ldn cat (giam toe do cap 
lieu). T6c do cAp lieu cua kim loai m£m (vi du dong) hoac g6 thuemg cung dung duqc cho 
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polyme. Vi du toe do cap lieu 0,15 -f- 0,2 inch/lan (4-5 mm/I in) co thd ap dung cho chit 
deo acrylic, con HDPE do c6 nhiet dd chay mdm tha'p hem nen chi nen ap dung 1dc dd 0,04 - 
015 inch/ldn (0,1 -s- 0,4 mm/ldn). Ngoai ra, sir gia c6ng ngdt quang (cat - nghi) cung lam 
tang vi6c phan tan nhiet toa ra 

Toe d6 quay cua dung cu cdt cung co anh hudng true tie'p den sir tfch nhiet cua san 
phim chat deo trong khi cat: 1 dc do cdt (quay) cua dung cu cang cao thi sir rich nhiet cua san 
phdm lai giam di, vdi didu kien la toe dd cafp lieu phai nho. Do la vi mdt phdn nhiet dugc 
dao cdt tai ra khoi khu vuc cat, do do khi tdc dd tang len thi luong nhiet dugc tai di theo ludi 
cat cung tang len. Vi du, khi cat nhua acrylic hoac HDPE bang ludi cua vong, tdc dd cat 
thdng thudng la 3000 vg/ph. Ne'u vat lieu bi sem thi c6 thd nang tdc dd len 4000 vg/ph. 

Su ti'ch nhiet cung dugc giam bdt ndu ludi cdt an vao vat lieu dudi mot goc nghieng 
chir khdng dap vudng goc vao be mat. Doi vdfi chat deo, goc cat vao thdng thudng khoang 
5 . Goc nay khdng nhirng tao tac dong cdt mong mudn ma con cho phep cac bot nhua bi day 
ra de dang hon khi cdt. Neu cac bdt nhua nay con lai trong ve't cat, chung se bi chay ra va 
tao nen su tich nhiet Ion hon. 

Mot diim khac biet nua giGa chat deo va kirn loai la chat deo co dd ben kem hon. Vi 
vay vat lieu cha't deo can dugc ke giQ can than de tranh nut vd khi dung cu cdt ra khoi san 
phdm b giai doan cudi cua viec cua hoac khoan. Trong khi do, trong nhi6u trudng hop chat 
deo lai gion hon kim loai. Vi vay dung cu cdt can phai sdc va tdc do ctfp lieu phai nho. Doi 
khi chat deo can dugc tdi lai khi cat. 

Can dac biet luu y khi cdt vat lieu polyme compozit. Do day la su ket hgp giua vat lieu 
nen co tmh gion va cdt tang cudng rat dai (vi du epoxy cdt sgi aramit hoac sgi cac bon), cac 
ludi cdt bang thep dung cu thudng bi mai mon rat nhanh. Vi vay trong trudng hgp nay phai 
dung luoi cdt dac biet vdi be mat dugc lam ctfng hoac bdng kim cuong. 

Mot so phuong phap cat khong truyen thong 

Cac phuong phap cat khong truyen thdng la nhftng phuong phap khong dung cac may 
cdt co hoc thdng thudng (khoan, cua, cdt, v.v...). Cac phuong phap nay bao g6m: 

* Cdt bdng tia nude dp lire cao: Trong phuong phap nay, tia nude ap sudt cao (tdi 350 
MPa hoac cao hon) qua m0t Id duong kinh rat nho (khoang 0,13 mm) dugc hudng vao be 
mat can cdt. Da sd vat lieu, ke ca compozit co the cdt dugc bdng phuong phap nay. Luong 
vat lieu bi mat (trong dudng cdt) va ung suat trong mdu khi cdt cung chi tuong tu khi cat 
bdng phuong phap co hoc thdng thudng. 

* Cdt bdng laze: Khi chidu chum tia laze nang luong cao vao vat lieu, no se gay chay 
vat lieu tai diem bi chieu va tao thanh vet cdt hoac 16 khoan. Uu diem cua phuong phap nay 
la tia laze co the lam vat lieu bde hoi tai chd do do hdu nhu khdng de lai phoi tren be mat 
dugc cdt. Kich thude va do sau cua Id co the didu chinh chinh xac bang each thay doi tldu cu 
cua ludng anh sang laze. Mdt uu didm nua la dao cdt dung tia laze thi khdng bj cim. 
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Bang 8.9. So sanh cac phuang phap cdt 


Phuong 
phdp cat 

Uu diem 

Nhugc diem 

Ca hoc 

- Di hi£u va sir dung 

- Dung cu, thie't bi sdn c6 

- Vdn ddu tu thdp 

- Gay ling sua't trong vat lieu 

- Co th£ cdn dung cu ra't curng 

- Mai mon dung cu nhanh 

Tia nude ap 
luc cao 

- Mai m6n dung cu rdt it 

- Co the cdt nhieu loai vat lieu 

- Uhg sua't trong vira phai 

- Chi phi van hanh cao 

- Chi phi thie't bj cao 

Laze 

- cdt sach 

- Khdng co mai mon edng cu 

- Cat duac nhieu loai vat lieu 

- C6 the dieu khi£n chinh xac 

- Khdng cat duac vat lieu day 

- Vet cdt khdng sdc net 

- Thie't bi ddt lien 

- Co the’ tao hai ddc hai 

Day dien 

tra 

- Cat duac nhi£u loai vat lieu 

- Thie't bj rat re 

- Co vung phan huy nhiet tren duemg cdt 

- Co the tao hai ddc hai 

- Vat lieu co the’ dinh lai (chay) sau khi cdt 


Nhugc di^m cua phuang phap nay la khi cat vat lieu polyme, su dot nong vat lieu se 
tao ra nhidu khoi ddc hai, vi vay cdn phai c6 thdng gio thtch hap. Ngoai ra, tai ria cac ve't 
khoan cdt, be mat se khdng duac phdng nhdn do bj dot nong va bay hoi. 

* Cat bang day diin tra: Phuang phap nay thudng ap dung cho cac cha't deo va vat 
lieu xtfp co di£m nong chay tha'p. Day dien tra duac dd't nong bdng dong dien co th^ lam 
nong chay vat lieu tai di£m cdt vd cdt vat lieu ra lam nhieu phdn. Tuy nhien se co sir phan 
huy vat lieu va bd'c khoi khi cdt, do do cung cdn co su thdng gio thich hap. 

Trong bang 8.9 la dac trung so sanh cac phuang phdp cdt khac nhau vbi vat lieu polyme. 
8.2.4. Ghep 

Viec ghep cac san phdm tit vat lieu polyme co th£ thuc hien theo ba each: gh£p ca 
hoc, ghep bdng keo dan va ghep khdng keo. 

a. Ghep ca hoc 

Cac phuang phap ghep ca hoc truyen thdng (dd'i vcfi cac vat lieu khong phai polyme) 
co the duac sir dung rdng rai cho vat lieu polyme, vi du nhu rive, bulong. Ngoai ra con co 
nhQng phuang phap ghep khdng truyen thdng chi ap dung cho vat lieu polyme. Cac phuang 
phap khdng truyen thd'ng nay dua tren tfnh deo - dan h6i cua vat lieu polyme va cho phep 
chung gan vao nhau ma khdng cdn ede lien ket bo sung. 

Khi sir dung rive de gan hai tarn chat deo, cdn luu y rdng de tan mu rive chi co the 
dimg phuang phap ca hoc chur khdng dung each tan nong nhu khi gdn kim loai. Ngudi ta 
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thucmg sir dung rive chat deo de’ gan polyme vi nhtfng ly do sau: 

- D6 ben rive tuong duong dd bdn vat lieu polyme duoc gan. Didu nay cho phep loai trir 
hien tuong rive bat khoi nen hoac lam hu hai ta'm chat deo duoc gan khi su dung rive kim loai. 

- Co thd dung nhiet dd tan rive khi nhiet dC chay mdm cua rive tha'p hon so v6i chat 
deo duoc gan, hoac thdi gian gia nhiet rive du ngdn de’ chat deo duoc gan kh6ng kjp chay mdm. 

Tuy nhien, rive chat deo cung c6 nhuoc didm la c6 the gian dai ddn trong qud trinh su 
dung va bj pha huy sdm hon vat lieu duoc gan. 

Tuong tu rive, cac loai vi't thdng thudng cQng c6 the duoc dung de’ ghep vat lieu 
polyme. Co the dung vft kim loai va vft chat deo. Khi dung vft, cdn luu y rang rang vft trong vat 
lieu nen se y^u hon rang tren than vft, do do vft c6 the’ bat khoi n6n khi lien ke't chju tai. Di 
tranh hien tuong nay co th^ dung vft co rang chu nhat va kfch thuoc to hon. Tuy nhien, d6 chfnh 
xac cung nhu d6 chat cua lien ke't se bi giam di. Khi can thie't co d6 chat trong then gian dai, 
ngu6i ta thudng dat ranh xoin bang kim loai vao nen chat deo. Nhd cac ranh xodn nay lien 
k^t giua vft kim loai va nen polyme se chat che tuong tu nhu m6t he hoan toan kim loai. 

Cac chi tiet ghep (rive, vft, bulong v.v...) bang chat deo c6 m6t s6 uu diem so vdi chi 
tie't kim loai tuong tu. Chung thucmg nhe hon, kh6ng ri, dan h6i, edeh nhiet, each dien 1 6t va 
thucmg co gia re. He s6' gian no nhiet cua chung tuong tu cac vat lieu duoc ghep, do do co 
the han che' duoc ung sua't xay ra do nhiet tai diem ghep. Nhuoc diem cua chung la co d6 
bin, dac biet la ben cat, ben xodn va chiu nhiet kern hon kim loai. 

Ben canh cac phuong phdp ghep co hoc truySn thdng co su dung cac chi tie't ghep (dinh 
vft, rive), cac san ph&n polyme c6 the’ duoc ghep vdi nhau khdng edn chi tie't ghep h6 trq. 

Diiu nay thuc hien duoc nhd ban chat ban chat dan h6i cua vat lieu polyme. Trong 
hlnh 8.10 la m6t sd dang ghep neu tren. 



Ilirth 8.10. M6t sd dang ghep polyme kh6ng edn chi tie't ghep h6 trq: 
a- ghep kie’u chdt trong hoac ngoai; b- chdt longden; 
c- ghep kie’u nut chai (a'n khi dong, xoay khi mo); d- long 6'ng. 
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b. Ghep bang keo dan 

Khi 2 vat lieu dugc dan vdi nhau bang keo, chting dugc goi \k n4n. Trong ph^n nay se 
xet cac lien k£t ma ca nen va keo deu la vat lieu polyme. 

Khong phai tat ca cac loai chat deo diu co ihl dan de dang bang keo. Sir khac biet ve 
kha nang dan dirge cua cac loai vat lieu polyme la dua tren cac dac trung bS mat ciia chung. 
Kha nang mOt chat n6n co the din dugc boi mdt polyme long phu thuoc vao viec chat long 
d6 co tha'm udt dugc be mat n6n khong, ma dieu nay dugc quy£i dinh beri tuong quan nang 
lugng be mat giGa chung. Neu nhu nang luong b£ mat cua keo (chat long) nho han nang 
lugng b6 mat cua n£n, keo se tha'm udt dugc nen. Ngugc lai, khi nang lugng be mat cua keo 
cao hon, n6 se khOng tha'm udt nen va lien ket dan se khdng thi hinh thanh. Vi vfty, trong 
nhi^u trudng hop, khi nang lugng b£ mat cua nen nho hon, ngudi ta phai xir ly b4 mat n£n d£ 
nang cao nang lugng b£ mat cua no. Dudi day la m6t s6' phuong phap xu ly be mat. 

* Lam sadi be mat: Khi be mat nln bi phu m6t lop tap chat co nang lugng be mat 
thap, chi edn tdy sach ldp tap chat do di. Phuong phap pho bie'n nha't la dung dung m6i thfch 
hgp de rira ldp tap cha't do. 

* Xi( ly hod hoc : Nd'u be mat sach co nang lugng thap, ngudi ta co the xir ly hoa hoc 
bang each cho hoa cha't tac dung len be mat. K£l qua la ban chat hoa hoc cua be mat thay 
d6i, nhd do nang lugng be mat co thi tang len. Chat hoa hoc dung de xu ly be mat thudng 
phai dugc tay sach khoi n£n trude khi nen dugc phu keo. Ne'u b& mat da xu ly de bj thay doi 
din den giam boat ti'nh bi mat, ngudi ta dung m6t ldp son mong (goi la praimo) phu len d£ 
bao v6 cac dac tlnh be mat. 

* Xd ly bang ngon Ida: Nhilu loai cha't deo, dac biet la polyolefin, co the dung ngon 
lua hd de xir ly be mat trong thdi gian ngan. Diiu nay gay ra su oxy hoa be mat, nhd do lam 
nang lugng be mat tang len. Phuong phap nay thudng dung cho polyolefin (PE, PP) de tang 
kha nang ket dfnh, vi du khi in len mang PE. 

* Xi( ly corona: Su oxy hoa bi mat polyme cung co the xay ra khi cho di qua tia lua 
dien cao ap (goi la corona). Xu ly corona thudng manh hon so vdi xu ly bang ngon lua, no 
gay ra khong nhtfng oxy hoa ma ca bao mon be mat. Phuong phap nay thudng sir dung cho 
cac polyolefin. 

* Xdly plasma: Plasma co the su dung vua de lam sach be mat, vira tuong tac hoa hoc 
vdi bi mat. No con co thi gay ra phan ung trung hgp trong pha khi, sau do ngung tu polyme 
nhan dugc len b£ mat. Day la phuong phap co kha nang tfng dung rat rong trong xu ly be 
mat chat deo, nhung lai bi han che' do gia thanh thie't bj kha cao. 

* Dung chat tang dinh (coupling agent): M6t s 6 be mat co the dugc phu m6t ldp hoa 
cha't (goi la chat tang dfnh) de co the lien ke't 16 't vdi mot loai keo da chgn. Thdng thudng 
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trong phan tu chat tang dinh phai co hai loai nhom chirc: mot loai ket hop tdt vdi phan tu 
nen, loai kia tuang tac tdt vdi keo. Nhd vay chat tang dmh co Ihi lien ket tdt vdi ca hai loai 
chat va tao nen mdi dan bin vung. Chat tang dinh thudng dugc su dung vdi cac loai nen 
ceramic (vi du sgi thuy tinh), it su dung vdi nin polyme han. Tuy nhien, day van la phuang 
phap rat tiem nang de tang cirdng d6 bam dmh. 

Ben canh cac phuang phap xu ly hi mat neu tren, vi€c gia cdng ca hoc hi mat (mai, 
danh nham) la ra'l cdn thiet. Bien phap nay khong lam thay doi bat ky chi tieu nhiet d6ng 
nao cua b4 mat, nhung lam tang dien tich tiep xuc gifra keo va nen, nhd do su bam dmh dugc 
cai thien. 

Keo dan 

Co rat nhieu loai keo nhAm dap Crng cac yin cau da dang cua lien ket dan. Viec lira 
chon keo dua tren kha nang bam dinh cua no len m6t nen cu the nao do, cung nhu mot sd 
tinh cha't khac cua keo nhu do bin, gia ca, su d i dang sir dung va anh hudng den mdi trudng. 
Co th£ phan chia mdt each dan gian keo thanh nam loai: keo ket ca'u, keo nong chay, keo 
nhay vdi ap suat, keo tan trong nude va keo dong ran bang btfc xa. Dac diem chung cua 
chung la deu hinh thanh tu polyme (bang 8.10). 


Bang 8.10. Cac loai keo va cac phuang thdng dung trong tirng loai 



Loai keo 

Ket cau 

Nong chay 

Tan trong H 2 0 

Nhay ap suat 

Dong ran 

buc xa 

Cac 

polyme 

tieu 

bieu 

Epoxy 

EVA 

Tinh bdt 

Chat gin 

Ket goc 

Caosu 

Acrylic 

PUR 

PVA 

NR 

Epoxy 

Acrylic 

PE 

Casein 


Cyanoacrylat 

PA 

PVAL 


Silicon 

PP (vd dinh hinh) 

PVA 


Phenolic 

SBR 

Nhua amino 



Hinh (It lie lien ket 

Lien ket dan can dugc thiet ke sao cho dam bao hai dieu kien: 

- (Jng suat dugc phan bd tren be mat lien ket cang rdng cang tdt. 

- Giant tdi muc thap nhdt luc tac dung theo kieu don bay len mdi dan. 

Lien ke't khdng dap ung dugc mot trong hai, hoac ca hai dieu tren, se la lien ket khdng 
tdt (hinh 8.11). 
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Hinh 8.11. Mdt s 6 ki£u lien ke't dan td't va khdng td't. 

d. Lien kit ghep khong dung keo dan 

Ghep khdng dung keo dan dua tren kha nang ndng chay cua chat deo va lien ke't vdi 
nhau d trang thli nay. Su khac nhau cua clc phucmg phap cu th£ chi la each thuc dd't nong 
vat lieu polyme de'n trang thai chay mlm. 

1. Ghep nong chay 

Trong phuong phap nong chay, cac phln vat lieu duoc ghep se duoc dd't nong de'n 
chay m£m va ep lai vdi nhau. Do do cln ra't chu y sao cho chi co phan duoc ghep la bi dd't 
ndng va 6p, ne'u khdng se xay ra bie'n dang ca phln khdng duoc ghep. De dat hieu qua td't, 
phuong phap nay chi nen ap dung vdi vat lieu co khoang nhieu dd ndng chay rong va do ben 
d the’ ndng chay cao. Ne'u khoang nhiet dd ndng chay hep, vat lieu co the nhanh chong bi 
chay va trao ra khoi khu vuc duoc ghep. Mdt trong nhung vat lieu dap tfng yeu cau nay la 
HDPE. No duoc su dung rdng rai trong cac d'ng din khi nhd kha nang dl dang ghep ndng 
chay ngay tai hien trudng. 

2. Han bang sieu dm 

Day la mdt trong nhung phuong phap quan trong nha't de’ han vat lieu polyme. Nang 
luong cua song am co the’ gay ra su dao ddng cua cac phan tu vat lieu vdi tin sd' tuong ting 
vdi song am. 

De’ han chit deo, ngudn sieu am duoc ap sat vao hai vat lieu chdng len nhau tao phln 
duoc ghep. Dao ddng cua sdng sieu am se gay ra dao ddng tuong ung trong chit deo lam 
chung m6m ra, va cd the chay mdt phan. Khi cd lire ep (khong cln luc ep qua ldn), hai vat 
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lieu duoc ghep se dinh vao nhau. 

Hieu qua cua han sieu am se cao neu nang luong dao ddng dirge tap trung vao mdt khu 
vuc nho. Bang each tap trung nang lirgng vao khu virc nho, vat lieu d day se nhanh chdng bi 
chay va tran ra xung quanh, nhd do lien ke't se duoc tao thanh vdi ft nang luong hon. Vi du 
sir tap trung nang luong nhy la mdt mi£ng I6i tren b£ mat vat lieu ghep, goi la phan djnh 
hudng nang luong (hinh 8.12). 


Dung cu sieu am 


Dinh hudng 
nang luong 



Hinh 8.12. Sir dung ph£n dinh hudng nang luong. 


3. Han bang song radio (RF) 

Han bang song radio v6 nguyen tac tuong tu han bang sieu am. Die’m khac chi la l&n 
s 6 va nang luong song radio cao hon so vdi song sieu am, d6ng thdi song radio gay ra 2 dao 
d6ng trai chieu nhau d6i vdi phan tu polyme. Nhd do vat lieu bi dot nong va chay m^m. Cac 
chat deo nhay cam vdfi sdng radio duoc goi la co ye'u t6 tieu tan hoac c6 sua't mat mat 
cao.Cac chat deo co ye'u t6' tieu tan cao bao g6m ABS, PVC, cac d£n xuat xenlulo. NhOng 
polyme khdng phan cue nhu PE, PP, PS thuemg co sua't mat mat kha tha'p. 

4. Han bang cam ting 

Han bang cam ung, con goi la han bang d6't nong dien tir, dua tren kha nang dao d6ng 
va sinh nhiet cua rndt s 6 kirn loai khi duoc dat trong m6t tir trucmg. Ngudi ta dua bot kirn 
loai vdi tinh chat tren vao chat deo o vung c5n ghep, sau do dua ph5n can ghep do vao trong 
tu trudng. Cac hat kim loai se dao dong va nong len, lam mem hoac chay nhe phan chat deo 
xung quanh, nhd do se ghep duoc hai phan lai vdi nhau. Don gian hon co the’ boc chat deo 
can ghep xung quanh m6t ta'm hoac thanh kim loai r6i dua ca he thdng vao trong tir trudng. 
Nhiet sinh ra co the’ du de’ ghep cac phan chat deo vdi nhau. 

Trong bang 8.11 la m6t s6 dac trnh cua cac phuong phap ghep vat lieu polyme. 
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Bang 8.11. So sanhba phuong phap ghep vat lieu polyme 


TT 

Dac tmh 

Ghep co hoc 

Lien ket dan 

Ghep khong keo 

1 

Gia thanh 

Cao 

Tha'p 

Tha'p 

2 

Thdi gian cSn thie't 

Nhieu c6ng doan 
ngin 

ft c6ng doan 
nhung lau 

ft cong doan, nhanh 

3 

Xir ly b£ mat 

T6i thieu 

Nhieu, can than 

Trung binh 

■ 

Cac chi tiet mong 
cdn ghep 

C^n tranh 

Co the duoc 

Co the duoc 

5 

Trong luong ch<5 
ghep 

Nang 

Nhe 

Rat nhe 

6 

Be mat ngoai 

Loi, nhd ra 

Nha'n 

Co the nhan 

■ 

Gioi han nhiet d£> 
su dung 

Nhiet do su dung 
cua polyme 

Co the do nhiet do 
sir dung keo 

Nhiet d6 sir dung 
cua polyme 

8 

Cac hu hai kem 

theo 

Chat deo bi thung 

Kh6ng 

Khong 

9 

Kha nang kiem tra 

De dang 

Kho 

Rat kho 

10 


Co the an mon 

--- 

Nhay vdi dung 

moi 

Khong 

11 

Kha nang tha'm 

Rat Ion 

Kfn 

Kin 

USE 


Rat ldn 

Rat it 

Rat it 

13 


Moi 

Rao 

Tot 

14 

Chiu boc 

T6't 

Rat nhay cam 

Trung binh 

ra 


Rat nhay cam 

Tot 

Tot 

16 

An toan lao dong 

Chu y cua, khoan, 

cat 

Chu y dung moi 


17 

Kha nang ap dung 

Hau het chat deo 

Khong dung cho 
polyolephin 

Phu thu6c phuong 
phap 

18 

Gia thie't bi 

Tha'p 

Rat lhap 

Co the cao 


10.2.4. Phu be mat 

Trong nhieu trudng hop, viec son phu len san pham tir vat lieu polyme la can thie't d£ 
bao ve vat lieu chong lai tac d6ng cua moi trudng cung nhu tang tinh tha’m my cua san 
ph^m. Viec phu be mat chi co hieu qua khi co d6 bam dinh cua vat lieu phu len be mat vat 
lieu duoc phu (con goi la nen). Duoi day la m6t s 6 phuong phap phu be mat ap dung cho vat 
lieu polyme. 
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a. San long 

San la bien phap phd thdng nha't di phu be mat vat lieu c£c loai, trong d6 c6 polyme. 
Trong phdn nay se chi xet cac loai son la chat long (co hoac khdng co dung mdi). 

Yeu cau dau tien la vat lieu polyme cln duqc tham udt bai son, nghTa la vat lieu c5n 
co nang luqng be mat du ldn. MOt s 6 polyme co nang luqng be mat nho (vf du polyetylen) 
c2n duqc hoat hoa be mat dd tang cudng nang lirqng be mat. Cac phuong phap hoat hoa b & 
mat co the la hoa hoc (sir dung cac chat oxy hoa manh) hoac vat ly (xu ly bang plasma, 
corona hoac nhiet). Ngoai ra, trong nhieu truong hop, san phim polyme co thd duqc son 
ciing vdi cic chi tie’t kim loai xung quanh n6, vf du ndi th£t otd. Vi v£y, chung can tiep nhan 
son nhu kim loai, lure la phai co dq nhan bd mat va tuang hop vi mau vdi son tuong tu kim 
loai. Khi do cac tuang tac hoa hoc gifla dung moi pha son va ndn polyme khong duqc xay ra. 

Phuong phap son don gian nhat la dimg chdi son hoac con lan. Phuong phap nay co 
nang sufit thftp, nhung uu diem cua no la co the dat hieu qua tham my nhat dinh, vf du tao 
hinh gia gd v.v... Vdi nhung chi tidt co hinh dang khong tieu chuan co the dung phuong 
phap nhung. Sau khi nhung san phalm thudng duqc quay tron dd han che su xuat hien cac 
bong bong va chay h£t san thira. 

Phuong phap su dung nhieu nhat la phun. Phuong phap nay co the tu dong hoa va tao 
n6n chat luqng ldp phu rat cao: phu deu, do day d6ng deu, ft bi chay va be mat dep. 

Cdn chu y su co mat cua chat chong dfnh khuon tren bdn mat san pham polyme. Chat 
chong dfnh co tac dung lam giam dq bam dinh son len be mat nen, vi vay can duqc ta’y rua 
can than trudc khi san pham duqc son. 

b. San bot va san tinh dien 

Trong phuong phap nay, son d dang bot duqc phu len be mat san pham. San phdm cdn 
son duqc nhung vao hi chura son 6 dang huyen phu (hat rdn phan tan trong chat long) hoac 
duqc phun huyen phu tuang tu nhu phun son long. Sau do san pham duqc dem nung a nhiet 
do du cao di cac hat son co the nong chay tao ra ldp phu lien tuc, nhung khdng qua nong de’ 
co the hu hai san phdm. Cac vat lieu nhu kim loai, gdm, chat deo deu co thd phu be mat 
bang phuong phap nay, mien la bao dam bi mat vat lieu lien kfc't tdt vdi son. Rieng doi vdi 
chat deo (polyme) can dac biet chu y sao cho d nhiet do nung son polyme khong bi phan 
huy hoac chay mem va bidn dang. 

Neu khi phu bqt son len bd mat ta su dung lire tinh dien thi do goi la son unh dien. 
San pham can son duqc dat trong bu6ng km va noi vdi cac dien cue sao cho be mat no duqc 
nhidm dien. Buong kin sau do duqc hut chan khdng va duqc tao dien trudng trong do bang 
each dua vao cac dien cue co dau nguqc vdi dien tfch cua san pham. Sau do, khi phun cac 
hat son bot vao budng, chung se nhidm dien va duqc hudng vao be mat san pham lao nen Idp 
phu. Neu nhu be mat chat deo kho nhidm dien, ngudi ta co the phu mot ldp kim loai rat 
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mong len de tang ti'nh dan dien. Phuong phap son tlnh dien dac biet hieu qua khi c^n tao ldp 
phu rat mong. Dd'i vdi cac he thdng son tlnh dien van hanh td't, lugng son thua (hao hut) la 
r&t it, chi khoang dirdi 5%. 

c. Phu kim loai 

Trong phuong phap phu chan khong> kim loai hoac hop kim dugc cho bay hoi b nhiet 
dd cao trong bu6ng km va chan khdng, sau do dugc ngimg tu lai tren be mat san pha’m 
polyme b nhiet dd thudng. Phuong phap nay co Ih6 ap dung a che do tu^n hoan (san pham 
dugc phu timg me mdt) hoac che dd lien tuc (v( du phu mang dai). 

Polyme dugc phu kim loai nhi£u nhat hien nay la PET, nhung cac polyme khac nhu 
PE, PP, PVC, PS, PA, polyimit v.v... cung thudng dugc phu kim loai. Kim loai dugc su dung 
nhat trong ky thuat nay la nhdm, ngoai ra mdt s6 kim loai khac nhu Ag, Cu, Au, Cr, Ni, 
v.v... cung dugc dung. Ldp phu dien hinh thudng co chi£u day khoang 0,005 + 0,01 pm. 

D6 day va dong d£u cua mang kim loai phu thuoc vao nhieu yen to nhu: 

- T6c dd ngung tu cua hoi kim loai, toe dd nay phu thuoc nhiet dd cua dien cue bay 
hoi (kim loai bay hoi nhieu hay ft). 

- Toe dd chuyen ddng cua mang polyme trong bu6ng ngung tu. 

- Khoang each tir dien cue kim loai deh mang polyme 

- Goc giua dien cue kim loai va mang polyme 

- Dd chan kh6ng trong buong. 

- v.v... 

De danh gia do day mang kim loai, ngudi ta xac dinh mat do quang, tile la lugng anh 
sang di qua mang. Cung vi vay, co the dung phuong phap quet quang hoc (optical scanning) 
de xac dinh do ddng deu cua mang. 

Qua trinh phu kim loai cung co the dugc thuc hien trong dung dich co chira ion kim 
loai. San pham polyme dugc nhung vao dung dich nhu mot dien cue, con cue kia mang dien 
tich trai dau. Khi dat vao hai cue mot ddng dien, cac ion kim loai se di ve phia cue co san 
ph^m va tao nen ldp phu. Qua trinh nay ggi la ma dien. 

Mang polyme phu kim loai co rat nhieu urng dung do no co do tham tha'u rat tha'p, 
ddng thdi lai co cac tinh chat nhiet, dien cua kim loai. Trong sd cac ling dung nay co the kd 
de'n bang tCr, phim anh, cac bd loc quang, mach dien nhieu ldp, cac bd do bao ve co tfnh 
phan xa cao nhu quan ao ctfu hoa hoac qudn ao vfl tru v.v... 
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Chircmg 


CONG NGHE VAT U$U VO CO 

PHI KIM LOAI 


9*1. g6m 

Cac san ph£m vat lieu g6'm rat da dang. Tuy theo ban chat hoa hoc (gom silicat, g<5m 
oxyt, gdm khong oxyt), tuy theo hinh dang, ki'ch thudc, tfnh nang sur dung cua san pham 
(g6m sur dan dung my nghe, gdm sir xay dung, gom ky thuat, sur dien, su ve sinh...), m6i loai 
san pham gdm cu the doi hoi mot c6ng nghe san xuat rieng vdi cac di£u kien va thong s6 
cOng nghe xac dinh, co thl r£t khac bi6t nhau. 

Nhung day chuy^n cGng nghe san xuat gom d£u theo m6t phuong phap cong nghe 
chung, bao gom cac cong doan chinh sau day: 

- Gia c6ng nguyen lieu, phoi lieu. 

- Tao hinh. 

- Say. 

- Nung. 

- Gia c6ng b6 sung (neu ci£n). 

So vdi c6ng nghe vat lieu kim loai va vat lieu huru co, cong nghe vat lieu gdm co su 
khac biet ve ranh gidi va trinh tu cua c£c khau trong hai nOi dung chinh cua cong nghe la 
san xuat vat lieu va gia cOng vat lieu. Trong khi 6 c6ng nghe vat lieu kim loai va vat lieu hiru 
co polime, cac khau gia cOng (nhu tao hinh, gia c6ng be mat,...) duoc thuc hien sau khi da 
tao ra vat lieu, thl 6 cOng nghe gdm, cac khau gia cong lai duoc thuc hien d cac giai doan 
trudc khi hinh thanh vat lieu (nhu gia cong nguyen lieu, nhao tr6n phoi lieu, tao hinh san 
ph£m m6c chua phai la vat lieu gdm...). Sau c6ng doan nung khi vat lieu gom da hinh thanh 
thi san phslm gdm cung da hoan thi6n, viec gia cong bo sung ddi vOi phan Ion san pham la 
khong can thiet, chi can thiet d mOt s6 trudng hop dac biet ma thoi. 

Theo mire do gia cong ki'ch thudc hat nguyen lieu dau va tir do dan de'n die diem cau 
true pha cua vat lieu gdm, ngudi ta chia gom thanh hai loai: gom th6 va gom tinh. 

Phdi lieu gom tho chi yeu c&u gia c6ng nguyen lieu don gian. Nguyen lieu qua nghien 
tdi cor hat tho va trung binh sau do duoc tron deu. 
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Quan sat bang mat thirdng ca'u true b 6 mat cua manh vo vat lieu gom co ihi phan biet 
gianh gidi cac hat nguyen lieu tham gia. 

Ph6'i lieu gom tinh dugc gia c6ng can than hon. Nguyen lieu sau khi dugc nghien tori 
co hat nho min, dirge sang, phan ly va lam sach. 

Quan sat bang mat thuemg be mat v0 cua vat lieu gdm tinh khOng the phan biet dugc 
gianh gioi cac pha thanh phan. 

9.1.1, Gom silicat 

9.1.1.1. Nguyen lieu vd phoi lieu 

Nguyen lieu di san xuat vat lieu silicat chu ye'u la cac khoang vat thien nhien. Cac 
nguyen lieu chinh la: dal set, caolin, quartz va trang thach. Ngoai ra con co the sir dung bo 
sung da v6i, talc, mica lam nguyen lieu dilu chinh. 

Caolin, dat set trong thien nhien la san pham phong hoa cua cac khoang vat chua trang 
thach nhu granit, gneis. Cac khoang vat nhy thubng chtfa trang thach, quartz va mica. 

Thi du phan ung phong hoa trang thach kali co the dugc m6 ta nhu sau: 

K 2 0.Al 2 0;v6Si0 2 + 2H 2 0 + C0 2 —► Al 2 0 3 .2Si0 2 .2H 2 0 + 4Si0 2 + K 2 CO^ 

Trang thach kali Caolinit 

Trong caolin ngoai caolinit con co trang thach, quartz va mica. Khoang vat chua 
caolinit 6 mric do phong hoa so cap dugc goi la caolin. Caolin tiep tuc bi nude cuon di, 
phong hoa lan thri hai (phong hoa tht'r c^'p) va tich tu lai thanh mo, dugc goi la dat set. 

Dat set co c5 hat nho hon caolin va lan nhi^u tap chat hon, dac biet la oxyt sat, thuctng 
gay mau cho san pham g6m. 

Nguyen lieu dat set chria montmorilonit it gap hon, co ten goi la bentonit. 

Bentonit co c& hat min hon so veti dat set, khoang < 0,1pm (hat tinh the da't set co 
dang ban thuemg rong khoang 0,5 pm, chieu day khoang 0,05 pm). 

Dat set bentonit co dd deo rat cao, kha nang hut nude va truong no the tich rat ldn. 

Dit set, caolin la thanh ph^n chu ye'u cua ph6i lieu gom silicat, no mang lai ti'nh deo 
dac trung cho Ioai phdi lieu nay. 

Khi say va ca khi nung, d£t set co tuong d6'i manh, thuemg gay bid'n dang hoac co the 
nut vo san pham. 

De giam do co cua phoi lieu edn b 6 sung vao phdi lieu cac nguyen lieu co ten goi la 
nguyen lieu g£y, thudng dung la quartz. 

Quartz la dang thu hinh b nhiet do tha'p cua Si0 2 . 

Cac khoang vat giau Si0 2 (nhu cat, quartzit) chria quartz ham luong cao vdi d6 sach 
khac nhau. 
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Nguyen lieu quan trong thii 3 cua phdi lieu gdm silicat la trang thach. Trang thach - 
thanh phan chu yeu cua granit-la cac alumosilicat kali, natri hoac canxi. Trang thach kiim 
thudng gap d dang dung dich rdn (hdn hap kali - natri). 

Trang thach dong vai tro ch&'t trp dung cho qua trinh nung gom silicat. 

6 khoang 1150°C trang thach kiem n6ng chay tao ra chat long co do nhdt cao, hoa 
tan mot phan cac cau tir khac, tao pha thuy tinh silicat, thuc day qua trinh ket khoi cua gom. 

Trang thach giau kali cho khoang nong chay rang hon va chat long nong chay co d6 
nhdt cao hon so vdi trang thach natri. 

Nhin chung gia c6ng nguyen lieu va phdi lieu gdm silicat bao gom cac khau lam sach 
va nghien nguyen lieu tdi kich thudc hat yeu cdu, sau do dinh luqng cac nguyen lieu theo 
dan phdi lieu va tron deu h6n hap thanh phdi lieu, hoac nghien tho nguyen lieu, dinh lirpng 
roi nghien chung ket hop trdn thanh phoi lieu. 

9.1.1.2. Tao hinh 

Phdi lieu gdm silicat co mot dac die’m noi bat la co do deo cao tao thuan Ipi cho tao 
hinh. Day la ca so dd gom silicat co nhieu phuang phap tao hinh khac nhau. 

Do deo cua phdi lieu gdm silicat la do tuong lac dat set - nude tao ra va mdc dd deo 
phu thudc vao ty le nude trong phdi lieu. 

Vdi ham luqng nude cao (25 * 40%) phdi lieu 6 dang huydn phu dac, co the rot vao 
khuOn tao hinh (trudng hop phdi lieu hd due rot); luqng nude (rung binh (15 + 25%) se tao 
ra phdi lieu dang khoi co dd deo cao (phdi lieu deo); luqng nude tha'p (5 + 15%) cho phdi 
lieu dang hat dfnh dl ep de tao hinh (phdi lieu ep ban kho). Phuang phap tao hinh hd due rot 
dupe sir dung cho cac san phdm co hinh dang phuc tap, khdng can xung (thi du: ain tra, lo 
hoa, cMu rira, sur ve sinh...). 

Hd due rot dupe rot vao khuon thach cao, khuon se hut nude cua hdtuang ddi nhanh 
tao ra mdt Idp vo cung phdi lieu vdi hinh dang cua san phdm can che tao. Sau khi say va dd 
san phdm, cac khuon thach cao dupe sir dung lai. 

Nhung san pha'm co hinh dang phtre tap doi hoi khuon nhieu manh ghep hoac co loi 
trong khudn. 

De giam do co khi say va rut ngdn thdi gian tao hinh, dac biet ddi vdi cac san pha’m co 
thanh day, can khdng che' luqng nude trong hd cang it cang tdt. 

Bang each bd sung mot luqng nho hop chat chtfa ion Na + (< 1%), co th£ chd tao ho 
due rot vdi ham luqng nude giam ddn 25%,ma van dam bao dd linh dong cua hd. 

Nhung phu gia nay dupe goi la phu gia dien giai. Cac chat dien giai phan ly ra ion 
kiem co tac dung tao ra va dieu chlnh dien tich tr6n be mat cac hat d&( set, do do ngan can 
chung tiep xuc gdn ke't vdi nhau. 
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Phdi lieu c6 ham luqng nude < 25% khdng con a trang thai long linh dong, ma a dang 
khdi deo can co luc tac dung d^ tao hinh. Phoi lidu vdi ham luqng nude > 20% tuang doi 
mem, co the tao hinh bang lay trdn ban chuot quay. Cac san ph^m co hinh dang doi xtmg 
cao (thi du: bat dia) duac san xuat tren day chuydn may tir dong nang suat cao. 

Phoi lieu vdi ham Iucmg nude > 15% it mem han, phu hap vdi phuang phap tao hinh 
bang may ep dun hoac ep dim ket hap ep dap. Cac phoi dang thoi, dng, thanh duqc ep dim, 
sau do duac cat thanh cac doan ngan kich thude phu hap, roi qua ep dap de tao hinh san 
pham cudi (thi du tao hinh vidn ngoi). Doi vdi cac san pham yeu c3u chat luang tuang doi 
cao, phoi lidu phai duqc nhao trdn ky, ket hap hut chan khong nham tach hei khi trade khi 
vao may ep dim. 

Ham luqng nude < 15% cho phdi lieu dang bdt am, (ban kho) duac tao hinh bang 
phuang phap ep vdi lire cao trong khudn kirn loai (thi du: gach dp lat ceramic). 

9.1.1.3. Say 

Sau khi tao hinh, cac san pham moc deu con chi'ra mdt luqng nude dang ke nen can 
phai qua say trude khi nung. Neu khong duqc say, trong qua trinh nung nude se boc hai 
manh dan tdi nirt vd san pham. 

O giai doan say chu yeu la nude nam a vi tri gitta cac tinh the dal set duqc tach di, khi 
do san pham sc co thd tich do cac hat dat set xfch lai g<m nhau, cho tdi khi chung tiep xiic, 
tua sat vao nhau. Qua trinh mat nude tiep theo, thi: tich san pham khong co tiep ma se hinh 
thanh cac 16 xop. 

Xet ve mat kinh td, qua trinh say didn ra cang nhanh cang tot. Nhung di£u nay se dan 
tdi nguy co gay bien dang va tao vet nirt do san pham co nhanh va khdng deu. Vi vay, toe do 
say phai duqc khdng che sao cho toe do bay hai nude d viing be mat san pham khdng ldn 
han tdc dd bay hoi nude tir loi san pham ra phia ngoai. Che do say tdi uu dat duqc khi ca hai 
yeu td nhiet do va do am moi trudng say ddng thdi duqc khdng chd. Dau lien cac san pham 
moc duqc dot nong den nhiet do say dong deu tren tiet dien ngang ma chua co bay hai nude. 
Khi do ap suat ridng phan cua moi trudng say khdng duqc thap han ap suat hai trong khoi 
san pham. Khi da dat can bang nhiftt dd mdi bat dau giam dan do am cua moi trudng say de 
qua trinh bay hai nude bat d<Su didn ra. Tdc do bay hoi nude khdng vuqt qua tdc do khuech 
tan cua nude tir loi san pham ra bd mat ngoai cua no. 

6 giai doan cudi cua qua trinh $a'y, khi khdng con hien luqng co thd tich, tdc dd say 
co the tang len bang each tang nhiet do va giam dd mot trudng. 

Dd co sa'y co th£ den 20% hoac han. No phu thuoc vao ty le nude trong phdi lieu chua 
dat set, ty le cac thanh phan khdng lien ket vdi nude (edi lieu gay) nhu quartz, trang thach va 
vao kich thude hat dat set. Vd nguyen tac, hat dat set cang min thi dien tich tiep xiic vdi 
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mrofc cang ldn, cac hat xdp xep cang sit dac sau khi say nen d6 co cang lan va the’ rich 16 x6'p 
cang nho. 

Cdn chu y la tat ca cac bien phap lam giam do co say deu kco theo sir xfifu di cua kha 
nang gia c6ng tao hinh cua phoi lieu. 

0 trang thai say kho the ti'ch 16 xdp tuy theo ki'ch thirdc hat, thanh phan phoi lieu va 
phuang phap tao hinh, ndm trong khoang 25 + 50%. 

9.1.1.4. Nung 

Muc dich cua cong doan nung la ke't khdi vat lieu, nhd cac phan irng b trang thai rdn 
gitra cac nguyen lieu xay ra trong qua trinh nung. 

O gd'm silicat, do ban chat hoa hoc cua cac nguyen lieu, qua trinh nung luon co xutft 
hien m6t ty le pha long notig chay silicat. Dieu nay tao thuan lai rat nhieu cho qua trinh ke't 
khoi san phdm. 

Tir khoang 600°C, cac phan irng hoa hoc bat ddu xay ra. Dau tien la nude hoa hoc tach 
khoi tinh the khoang dat set. Nude nay co the thoat ra qua cac 16 xop va khong lam thay doi 
hinh dang tinh the. 

Chat trq chay trang thach chay long a I150°C, nhung nhd phan irng vdi cac cau tu 
khac trong phoi lieu nen tao ra pha long d nhiet d6 thdp lion, khoang 925°C. 

6 giai doan tie'p theo, khoang 1000 n C, pha tinh the mullit dirac tao thanh tir phan urng 
phan huy va chuydn hoa true tie'p cua khoang caolinit trong dat set {mullit so cap) hoac cua 
cac khoang dat set vdi pha long nong chay do trang thach tao ra (mullit thu: cap). 

Khoang 1200 n C quartz hoa tan trong pha long nong chay. Sir chuyen dang thu hinh 
ciia quartz sang tridimit va mot can bang pha 6n dinh khdng xay ra, ngay ca khi nung vdi 
thai gian dai cung hiem khi xay ra. 

Trong qua trinh lam lanh, pha long nong chay dong tu thanh pha thuy tinh co do nhdt 
cao trong khoang nhiet do 800 + 900 (, C. 

Cau true cua gom silicat thu duqc bao gom cac pha tinh the mullit va quartz (con lai) 
va pha thuy tinh. Ham luqng cac pha tinh the va hinh dang tinh th^ phu thuoc khong chi vao 
thanh phdri ph6i lieu, ma con rtft ldn vao nhiet dd nung va thdi gian nung. Dieu nay cung 
dung vdi ham lirang, thanh phan va do dong nha't cua pha thuy tinh. 

Nhiet do nung cua gd'm silicat thudng d dudi 1400°C, thdi gian luu d nhiet d6 nay la 
vai gid. 

Khoang thdi gian nay chi chiem mot ty le nho trong ca qua trinh nung. Phan ldn thdi 
gian cua qua trinh nung la tieu i6n cho giai doan dot nong cham va lam lanh cham, xem 
hinh 9.1. 
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D6t none Nung Lam lanh 

< --£-K-—- : -> 



Khi tang nhiet d6 nung thi c6 the rut ngan thdi gian nung. Kha nang nay bi han che 6 
ch6, vdi nhiet do cao thi lugng pha long tang, do nhat cua no giam va se khong diim bao cho 
sir ctfng vftng cua san pham. Vi vAy qua trinh nung chi dugc phep diln ra d mot khoang 
nhiet d6 xac dinh dugc goi la khoang nhiet do nung. 

G6m silicat chtfa quartz se co khoang nhiet do nung tuang d6i rong, bai vi khi nhiet 
do tang cao thi pha long xu&'t hien se hoa tan nhieu quartz lam cho do nhat chAt long tang 
len.Mot khoang nhiet do nung r6ng se tao thuan lgi cho qua trinh san xuat. 

Su sit dac lai cua cau true do ket khoi g&n lien v6i hien tugng co cua san pham.Khdng 
che do co ket khdi co y nghTa Ion d6i vdi qua trinh san xu&'t cac san pham gom co yeu cdu 
ki'ch thirdc chinh xac. 6 qua trinh ket khdi co mat pha long de dat dugc cA'u true sit dac it 
bot khi, nhimg ngugc lai co nhugc diem la co dd co lorn. 

Tat ca cac bien phap nham giam ty le bot khi trong san pham gom nhu ting nhiet d6 
nung (tang ham lugng pha long), tang ham lugng chat trg chay (tang ham lugng pha long), 
tang ham lugng phu gia kiem (ha do nhat pha long nong chay) hoac tang do min bot phoi 
lieu deu dong th6i keo theo su tang do co nung. 

Do co nung g6m silicat co the den 35% the ti'ch, khi do mat d6 san pham dat 90 
95% mat d6 ly thuyet (khoi lugng rieng). De tranh bien dang sail pham khi nung, d6 co nung 
thudng dugc khong che dudi 20%. 

9.1.1.5. Van de trdng men 

Be mat ngoai san pham gom thuemg tho nham do ca'u true ciia no gom cac tinh ihi 
nlm xen lan pha thuy tinh, trong do mot phan cac tinh the nho len tren be mat, tao ra nhOng 
mCrc be mat kh6ng dong deu v6 chi£u cao. 

Su the nham nay c6 the dugc khac phuc bang cac phuang phap mai, danh bong co hoc 
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ho3c phu len be mat san pham mot 16p ao thuy linh (trang men). 

Trang men la m6t phuong phap gia c6ng hi mat thudng duqc tip dung cho cac san 
pham gom silicat nh&m tao cho san pham bi mat nhan bong, tang hieu qua my quan, dong 
thoi tang ca chat luqng ky thuat. Be mat tho nham se dI bam ban va kho lam sach. Khi duqc 
trang m6t lop men thuy tinh, cac 16 x6p trong cau true g6m cung duqc bao kin. 

Thanh phan hoa hoc cua men thirtmg duqc chon tircmg doi gan veri thanh phan cua 
xuong gom. Men se hoa tan mot phan vat lidu g6m trong qua nung va tao ra lien ket chat 
che \6i xuong. 

Phan 1cm men duqc chu^n bi duoi dang ho men. No duqc phu len san pham bang cac 
phuong phap nhung hoac phun men len san phitm da nung roi tiep tuc nung men. Nhiet do 
nung men tha'p horn nhiet do nung go'm va duqc di6u chinh qua ham luqng cac chat trq chay. 

Men cung duqc trang 16 n san ph£m chua nung hoac nung so b6, salt do men va xuong 
cung duqc nung d6ng thdi. 

C^n chu y dieu chinh he so gian no nhiet cua men thong qua thanh phan hoa hoc cua 
no, sao cho phu hop vdi h6 s6' gian no nhiet cua xuong gom. No kh6ng duqc Ion hon de 
tranh tao ra ting suat keo trSn lorp men, se gay nut men. Tot nhat la hoi nho hon de’ hinh 
thanh ung suat nen tren men trong qua trlnh lam lanh san pham. 

9.1.2. Gom oxyt va gom khong oxyt 

9.1.2.1. Nguyen lieu 

Khac voi gom silicat, nguyen lieu diiu de’ san xuat gom oxyt va gom khong oxyt khong 
phai la cac nguyen li£u ngu6n goc thien nhien, ma hau het la cac nguyen lieu t6ng hop cong 
nghiep, thuong la san pham cua qua trinh xu ly hoa hoc cac khoang vat thien nhien thich hop. 

Thong thucmg, khoang vat duqc hoa tan trong axit hoac ki£m, qua lam sach, ket tua 
dudi dang hydroxyl. Tiep theo, san pham ket tua duqc nung ket khdi so b6 (calcination) 6 
khoang 1000°C. Sau do san pham duqc nghien mjn tdi cef hat can thiet. 

Thudng cac loai bot oxyt nhu A1 2 0 3 , Zr0 2? Ti0 2 . BeO... duqc san xuat theo phuong 
phap nay. 

Cac nguyen lieu dang oxyt hdn hop hoac cac hop chat nhu ferrit, spinel, titanat cung 
duqc san xuat bang phuong phap ket khoi so b6. Cac nguyen lieu dau duqc dinh luqng, 
nghien iron va nung de phan huy cac hop chat nhu cacbonat, oxalat va tifi'n hanh ket khoi so bo. 

Mot phuong phap khac tt gap hon la nau chav cac oxyt trong 16 dien h6 quang, sau do 
lam lanh va nghi6n tcri cd hat y£u cau. 

Cac nguyen lieu cacbit nhu SiC, TiC thu duqc bang phuong phap nung car oxyt tuong 
ting 6 nhiet do cao co mat C d6 thirc hien phan ting: 

MG 2 + 3C —► MC + 2CO 
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Cac nitrit nhu Si 3 N 4 , BN duac t6ng hap bang phan ting cua cac nguyen t6 kim loai 
hoac oxyt v6i N 2 , NH 3 hodc hop chat chtia nita. 

D6i vcfi cac loai cacbit va nitrit kho ket kh6i nhu SiC, Si 3 N 4 thi cac phan ling nay co 
tac dung h6 tra tdt cho qua trinh k£t kh6i nen no cung duac ling dung trong k£t kh6'i san 
phdm cudi cung (kdt khd'i phan ling). 

Cacbit va nitrit cbn co thi duac tao fa tti phan ling 6 pha hai giua mat halogenid v6i 
cacbua hydro hay amoniac hoac phan huy m6t hop cha't huu ca kim loai va ngung tu tren hi 
mat mot cha't mang. Phuang phap nay duac ling dung de ch£ tao cac Idp phu be mat chong 
an mon hoac chd'ng thdm a nhiet dd cao. 

9.1.2.2. Tao hinh 

Ve nguyen tdc, cac phuang phap tao hinh gd'm silicat nhu h6 due rot, ep trong khu6n, 
ep dap, ep dun dlu co the ap dung cho tao hinh g6m oxyt va g6m khong oxyt, trong do 
phuang phap ep dap trong khu6n bot lieu kh6 va ban kh6 la pho bien nhdt va dac trung nha't 
cho cac loai gom nay. 

Ap luc ep sir dung trong khoang 200 -4- 1000 bar hoac han. 

Do phdi lieu g6'm oxyt va gdm khdng oxyt kh6ng co do deo cao nhu 6 g6m silicat, 
nen no duac b6 sung them cac phu gia deo hu:u ca. 

Cac tinh chat ca, nhiet, dien cua gom kh6ng silicat va do lap lai cua n6 phu thude rat 
nhieu vao dieu kien gia cong. Vi vay, ben canh viec kiem soat chat che nguyen lieu dau thi 
viec dam bao 6n dinh chinh xac cac di4u kien gia cong la dac biet quan trong. 

Dieu kien de ap dung phuang phap tao hinh ho due rot la do min cua hat phoi lieu, do 
linh d6ng cua h 6 cung nhu tac dung cua phu gia dien giai. 

Tao hinh deo bang phuang phap ep trong khuon, ep lam hay ep dim co hieu qua khi sir 
dung cac phu gia deo, phu gia boi tran, phu gia lien ket. Cac chat huu ca nhu dau, nhua, sap, 
parafin, stearat, metyl xenlulo... thuang duac sir dung cho cac muc di'ch tren. 

Vat lieu lam khu6n cung phai phu hap, ddi vcifi loai b6t co tac dung mai mon khu6n 
manh edn khuon kim loai co lc»p phu be mat cung. 

Trong ky thudt ep nguefi ta luon c6 gdng dat tai d6 chat cao cua bot lieu, bdi vi no tao 
thuan lai cho qua trinh ket khdi tiep theo va giam do co ke't khoi cua san phdm. Dieu nay dat 
duoc bang each lua chon ty le ca hat thich hap, thi' du 70% hat tho va 30% hat min. Khi do 
cac hat min se dien ddy vao vi tri trdng do cac hat th6 tao ra khi ti£p xuc vtii nhau. 

Yeu 1 6 quyet dinh nha't den d6 chat cua vat lieu ta't nhien la ap luc ep. Tuy nhien toe 
do tang ap luc va xa ap luc edn giai han trong mot pham vi phii hop. Bai vi khi tang ap luc 
ep qua nhanh se de tao bot khi, cac bot khi nay se bi nen a giai doan tang ap luc ti^p theo va 
den khi xa ap luc nhanh se gay ntit san pham. Vi vay nen tang ap lire chain va ep dan nhieu 
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\in cung nhu nen xa ap lire chlm. 

Trong truemg hop chi ep mOt lln va luc ep m6t phia, ma sat gitra bpt va b£ mat khu6n 
se lam cho dp chat khdng dong d&u, din t6i dp co khac nhau khi nung. Vi v&y phuong phap 
nay chi ap dung cho cac san phim co hinh dang don gian, ft goc canh, ty 16 chieu cao H: 
chi£u day D nho. 

D6 cai thipn kha nang gia c6ng ep cua ph6i lieu c6 thi sir dung phu gia boi tron phii 
hop va ap dung phuong phap ep hai phia. 

Cac van dP t6n tai neu tr6n dupe khic phuc tot nha't bang phuong phap ep dang tmh. 
Nguyen tac cua phuong phap nay la sir dung khuon co tmh dan hoi, dat trong mot b£ chat 
long, luc ep tac dung 16n khuon la luc tir chat long, do do c6 tac dung dPng d4u tir moi phia 
va cho san phlm tao hinh chft lupng cao dong d4u nhat (hinh 9.2). 



Phuong phap nay dac biet thich hop cho cac san pham co true d6'i xung tron xoay, ty 
le H:D ldn, k£ ca cac truemg hop co tiet dien doc phtic tap hay san pham mong (thi du: sur 
each dien). 

Phuong phap ep nong la phuong phap tao hinh cho cac san pham gom co cau true sit 
dac cao, ft bot khf, ccf hat min va dp ben co cao. 6 day qua tiinh ket khoi dupe thuc hien 6 
nhi6t dp cao, dong th6i duOi tac dung luc^ep (tori 500 bar) de qua tiinh khuech tan, chuyen 
van vlt chat dupe tang ctrong nhlm giam 16 xop, tao ca'u true sit dac cao. Ep nong cho phep 
ha nhiet dp ket khoi dang ke (hinh 9.3). Day la uu diem ndi bat cua phuong phap nay. Tuy 
nhien ep nong chi thich hop cho cac san pham co hinh dang don gian. 
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Hinh 9.3. Anh huang cua ap lire va nhiet do ep nong den mat do cua gom 

Ve nguyen tie, phirang phap ep nong co the k£t hop voti phuong phap ep d&ng tinh. VI 
day la phircmg phap ton kern cho n£n chi ap dung cho cac truong hop dac biet. 

Nguyen tdc cua phuong phap ep nong dang tilth nliUsau: 

BOt lieu duoc cap vao mOt khuOn bao dac biet co cac tinh cha't: ben 6 nhiet dd cao 
(1800 U C), kin khi, mem v& deo. Sau do duoc ep dang tinh trong thiet bj Autoclav (khoang ap 
luc 2000 bar) th6ng qua m<M loai khi tro. 

Vat lieu lam khuon bao co the la tantan hoac thuy tinh thach anh. Cac vat lieu nay 6 
nhiet do ket khoi co do nhdt du cao de dap ting yeu c3u lam viec. 

Neu san pham truce khi ep nong da duoc ket khoi so bo de khdng con 16 xop ho thi co 
the bo qua khu6n bao. 

Qua trinh ep nong dang tinh se hoan thanh not qua trinh ket khoi, lam sit dac c&'u true 
cho san ph^m. 

9.1.2.3. Nung 

Qua trinh ket khoi xay ra khi nung gom oxyt va gom khong oxyt mang dac trung cua 
co ch£ ket khO'i pha ran. Q day pha long khong xuat hien hoac chi xuat hien voi ham luqng 
kh6ng dang ki. M6t muc lieu tu6n duoc d&t ra cho nung cac loai g6'm nay la dat tdi do x6'p 
thap nhat, boi vl no anh huong rat 16n de'n hdu het cac tinh chat ky thuat cua san pham. 

Mot bien phap quan trong de giam d6 xdp la ting nhiet do nung. Nhiet do ket khoi 
gom oxyt va gom khong oxyt thuemg 6 khoang tir 1400°C trd len, co khi den 2000 n C. 

Trong giai doan cuoi cua qua trinh ke't khO'i, nhiem vu chu yeu la giam dd xop con lai, 


204 



lai xay ra hien tupng tang kich thude hat ran, dac biet khi nhiet dp ket khdi cao va bot lieu 
co do sach cao (tai ket tinh). 

Ne'u qua trinh phat trien kich thude hat khong dupe kiem soat, se dan tdi trang thai 
dirng cua qua trinh lam chat c£u true. Vi v£y, d nhiet 66 ket khd'i pha r£n, nhiet dp ket kh6'i 
cao nhat duoc quy dinh bdi nhiet dp bat ddu xua't hien qua trinh phat tri^n kich thude hat. 

De ha nhiet dp ket kho'i hoac tang nhiet dp phat trien kich thude hat co thi su dung 
mat luqng nho phu gia (duoc goi la phu £ia lien ket). Phu gia nay co tac dung tao ra mpt 
luong pha long co kha nang tha'm udt b 6 mat cac hat ran, tir do lam giam nhiet do ket khdi 
va tang nhiet dp phat tri£n kich thude hat. 

Mpt ye'u 1 6 quan trong khac anh hudng d£'n qua trinh nung gom oxyt va gd'm khdng 
oxyt la m6i trudng nung. No dupe lua chon tuy theo yeu c£u giua san ph^m c£n ket khdi va 
moi truemg nung co phan ting hoa hoc vdi nhau hay khdng. 

Thi du: Cac phan ting dot chay chat ket dinh huu co can mdi trudng oxy hoa; phan 
ung ket khoi gdm sir ky thuat dien c^n moi trudng oxy hoa; cac qua trinh ket khoi phan ung 
(nhu ke't khOi gom SiC, Si 3 N 4 ) can moi truemg khu hoac khi tro hoac cMn kh6ng. 

Khi su dung moi trudng khi tro, cac san pha’m gd'm chi dat dupe do sit dac cao khi khi 
tro co dp linh dpng cao de co the tu khuech tan, thoat ra khoi cac 16 xop km ciia vat lieu. 

9.1.3. Vat lieu cacbon 

9.1.3.1. Kim cuong 

Trong san xua't kirn cuong tren thd gidi hien nay, khoang 1/3 san luong fa kim cuong 
khai thac va ch€ bie'n tir ngudn thien nhien va 2/3 con lai la kim cuong nhan tao cong nghiep. 

Khoang 1/4 san luong kim cuong thien nhien dat yeu ciu lam san pham trang sire, 
phan con lai va toan bp kim cuong nhan tao dupe sir dung lam vat lieu c6ng nghiep, chu yeu 
lam vat lieu c£t, mai 66 gia cong cac vat lieu khac. 

Su chuyen dang thii hinh graphic - kim cuong xay ra d nhiet dp 3000°C, ap suat 150 
kbar. Trong cOng nghiep san xua't kim cuong, vdi su h6 tro cua cac chat xuc tac kim loai co 
the ha xudng nhiet dp 1500°C va ap suat 60 kbar (hinh 9.9). 

Dp ldn cua hat kim cuong tdng hop phu thuoc vao thdi gian phan ting. Cac hat kich 
thude ldn can thdi gian phan ting vai ngay. Thdng thudng dp ldn hat kim cuong san xua't 
cong nghipp khoang 0,1 mm can thdi gian phan ting khoang 1 gid. 

Trong cong nghiep long hop kim cuong, thdng qua viec lua chon cac thdng so cong 
nghe nhu ap suat, nhiet dp, thdi gian phan ting co the di6u chinh khdng chi dp ldn cd hat ma 
ca hinh dang va tinh trang be mat cua hat kim cuong. 

Phuong phap tong hop kim cuong su dung song chan dpng do gay nd chi cho san 
pham kim cuong dang bot mjn. 
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Nhiet dd; °C 



Hitih 9.4. Bie’u d6 trang thai cua cacbon: 

1- t6ng hap kim cudng true tiep; 2- tong hap kim cuang vdi chat 
xuc tac kim loai; 3- tdng hap kim cuang vdi song chein d6ng. 


9.1.3.2. Vat lieu cacbon vd vat lieu graphit 

Graphit la dang thu hinh 6n djnh d di6u kien thudng cua cacbon. Cac san pham 
cacbon co c&'u true tinh thi thudng sai lech so vdi c&'u true ly tudng cua graphit, cho n£n cac 
hap chat cacbon co nhi6u dang cflu true khac nhau, tir dan tinh the can xurng de'n tinh the 
dang para va cacbon vo djnh hinh. 

Su sai lech cau true cua tinh thi dang para so vdi graphit thi hien a ch6, ngoai sai lech 
khoang c£ch mat mang nguydn tu C con co su x6 lech, quay cua cac nhom Idp rieng le. 

Thudc nhom cacbon tinh thi para g6m co: ede, md hong, graphit tdng hap, sai cacbon 
va cacbon nhiet phfln. 

Chung duqc phAn biet bai mtic dd graphit hoa khac nhau. 

Graphit thien nhien co tru luqng khong ldn. Phan ldn cac san pheim cacbon va graphit 
ky thuAt sir dung trong edng nghiep la tir nguon tong hop nhan tao. 

Nguyen lieu quan trong la coc dau mo va pech ho&c nhua tdng hap (lam chfift lien ket). 
Coe diu mo duqc chon vi co do sach cao va do IrAt tir cA'u true tinh thd cua no cao hon cac 
loai coc khac (nhu coc than da). 

Sa d6 edng nghe san xuat vat lieu cacbon vA vat lieu graphit duac trinh bay tren hinh 9.5. 

Cac nguyen lieu coc va ch^Tt lien ket duqc tron d6ng deu, tao hinh (thf du: bang 
phuang phap ep) va nung d nhiet dd khoang 1000 (, C trong thdi gian vai ngay de'n vai tuiin. 
Khi do chat lien ket bi phan huy thanh cacbon va ket khoi nhd phan ung tao cau noi lien ke't 
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cac hat C vdi nhau. San pham thu dugc c6 dang x6'p vh tuong d6i chac. 

T&n 

Pech 


Tron —>• Tao hinh * > Nung 


1000°C 


Graphit hoa 
2500 -r 3000°C 


Coe dau mo 

Vat lieu cacbon Vat lieu graphit 
Hinh 9.5. So 66 c6ng nghe san xutft vat lieu cacbon va vat lieu graphit 


N£u tiep tuc dugc tam pech va nhua tdng hop r6i nung lai thi san pham se sit dac hon, 
ben vung hon. 

Xur ly nhiet 6 nhiet do cao hon v6i thdi gian dai cung cho vat lieu cacbon co 66 trat tu 
tinh thi cao hon. 

Trong qua trinh xu ly nhiet dirge goi la qua trinh graphit hoa, mdt ca'u true graphit da 
tinh the se xuat hien tir cac hat cacbon cua c6c va chat lien ke't. Tuy theo loai c6c va 6iiu 
kien phan tmg graphit hoa con co m6t ph&n cacbon dang v6 dinh hinh hoac tinh the dang 
para vdi ham lugng khac nhau. De graphit hoa thi cac san pham cacbon dirge nung 6 nhiet 
d6 2500 t 3000°C, co th£ bang dong dien true ti£p. 

Sgi cacbon vh, sgi graphit dirge su dung phein 16n lam c6t sgi gia cudng cho vat lieu 
compozit. Do cau true tinh the graphit co tinh bat dang huOng manh, trong qua trinh keo sgi, 
cac mat phang cacbon cua mang tinh thi graphit dirge dinh hudng n^m song song vdi true 
sgi nham mang lai d6 ben co hoc cao cho sgi. 

Sgi cacbon bat dang hudng dugc che tao bang phuong phap nhiet phan sgi 
polyarcrylnitril (PAN) g6m cac giai doan: 6n dinh, cacbon hoa va graphit hoa. Giai doan 6n 
djnh thuc hien 6 nhiet dd 200 -f 300°C, m6i trudng oxy hoa. 

Do phan umg oxy hoa va tiep theo la phan ling ket hop, trimg ngung cung vdi su phan 
huy va bay hoi cua cac san pham phan trng, se thu dugc polyme mach vong nhu sau: 
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Tac dung on dinh la cf ch6 tao ra san pham kh6ng nong chay 6 giai doan nhiet phan 
ti£p theo. 

Trong giai doan cacbon hoa thuc hten 6 700°C, moi trucmg khf tro, cac hop chat chua 
N bi phan huy va polyme mach vong chuyen hoa ddn thanh sgi cacbon, mat phAng lop C ciia 
no dugc dinh hudng theo true sgi. 

Sgi cacbon nay co mure d6 tinh th£ hoa va mure dd dinh hucfng cao hon nQa khi tiep tuc 
chuyen sang giai doan graphit hoa va dac biet khi ket hgp d6ng thai v6i keo sgi. 

Sgi cacbon co d6 b£n cao, dugc ky hteu la sgi HT (high tensil). Sgi graphit co 
E-modul cao, dugc ky hteu la sgi HM (high module). 

D£ cai thten kha nang bam dinh cua sgi cacbon veri nen nhua tdng hgp trong vat Iteu 
CFK- compozit, sgi dugc xu ly be mat de tao ra cac nhom co cue tren b£ mat sgi nhAm hoat 
hoa be mat sgi. Bten phap thuc hien co tlte bang cac phuong phap oxy hoa khac nhaO (hoa 
hoc, nhifct, dten hoa). 

Cac san phim cacbon khac la: Cacbon nhiet phan, cacbon thuy tinh va mang phu 
cacbon vd dinh hlnh. 

Cacbon nhtet phan dugc che tao bang each bd'c hoi cacbon tu phan irng nhiet phan cac 
hgp chat khi cacbua hydro nhu metan hoac propan ten bi mat mot vat lieu d£ thtch hgp. No 
se tao ra m6t 16p bi mat mong nhan bong va kin khi. MOt qua trinh graphit hoa tte'p theo se 
chuyen hoa no thanh graphit nhtet phan. 

Cacbon thuy tinh hinh thanh trong qua trinh phan huy nhiet cua nhua tong hgp co ca'u 
true thi'ch hgp. 

Dac diem cua vat lieu cacbon thuy tinh la do trat tu can true kern.Vat lieu nay 6 dang 
khoi dac co be mat manh vd gte'ng nhu be mat vd cua vat lieu thuy tinh. 

Mang mong cacbon vo dinh hinh dugc che tao bang ky thuai phu PVD, thf du ngung 
tu plasma, ngung tu trong m6i truemg chua benzen. 

Trong qua trinh ngung tu cac nguyen tu H dugc gin vao lap C va mang lai cho vat lieu 
nhtfng tinh chat dac biet nhu xuyen quang, do cung cao, dien tro ldn. 

9.2. THtlY TINH 

Phuong phap edng nghe truyen thong de san xuat thuy tinh la phuong phap nau chay. 
Hien nay hau het cac loai thuy tinh thong ihudng nhu thuy tinh dan dung, thuy tinh xay 
dung,... va cac loai thuy tinh ky thuat nhu thuy tinh dung cu thte't bi hoa hoc, thuy tinh 
quang hoc, thuy tinh each dien, bong sgi thuy tinh,... deu dugc san xuat bang phuong phap 
nau chay. 
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Cac phuong phap cdng nghe khac di san xuat thuy tinh la phuong-pimp tdng hap tir he 
long (thi du phuong phap Sol-Gel) va phuong phap ngung tu tir pha hoi (thi du phuong phap 
CVD). Cac phuong phip mdi nay duqc sir dung di san xuit mdt so loai thuy tinh ky thuit 
dac biet (thi du: sqi quang, thuy tinh quang hoc dec biet, mang phu thuy tinh dac biet...) 

Do lqi the vi ngudn nguyen lieu, chi phi san xuit va ca llnh vuc ling dung, thuy tinh 
silicat lu6n co san lirqng lop gap bdi so vdi cac loai thuy tinh kh&ng silicat va thuy tinh 
khOng oxyt. 

Day chuy^n san xuit thuy tinh silicat theo phuong phap nau chay bao g6m cac cong 
doan chu y€u sau day: 

- Gia cong nguyen lieu, phoi lieu. 

- Nau thuy tinh. 

- Tao hinh san phe’m. 

- U, khu ting luc. 

- Gia cong b 6 sung. 

9.2.1. Nguyen lieu va phoi lieu 

Trong ciu true cua thuy tinh silicat, ciu tu ddng vai tro tao mang thuy tinh la Si0 2 . 
Nguyen lieu cung cip Si0 2 duqc sir dung ph6 bi£n nhit la cat quartz, duqc khai thac 6 bi£n 
hodc nui. Cat thien nhien luOn co lin mot luqng tap chat, ham luqng phu thu6c nguon khai thac. 
C^n chu y nhat la ham luqng oxyt sit, bdi vi no gey mau khong mong mud'n cho thuy tinh. 

Cat sau khi khai thac duqc gia cdng, rua, siy va sang lay c0 hat yeu ciu. Doi vdri m6t 
s 6 loai thuy tinh ky thuat dac biet co the phai xu ly hoa hoc di lam giau cat nhim giam ham 
luqng tap chat de'n gi6i han cho phep (thi du: Fe 2 0 3 < 10 ppm dd'i vdi thuy tinh quang hoc 
dac biet). 

Doi vdri cac san pham thuy tinh dai tra (nhu kmh xay dung...) ham luqng oxyt sit cho 
phep cao han va ngudi ta sir dung cac bien phap khir mau hoa hoc (chuyen dang FeO gey 
mau manh vi dang Fe 2 0 3 gey mau yeu han) va khu mau vet ly (dua them vao chit tao mau 
mdfi co tac dung lam mat mau cua oxyt sit) di lam suy ye'u tac dung gey mau cua oxyt sit. 

Cac nguyen lieu cung cap oxyt kiim va kiem thd duqc su dung khdng phai 6 dang 
oxyt ma thuong a dang cacbonat (thi du: soda Na 2 C0 3 , Potas K 2 C0 3 , da vdi CaC0 3 , dolomit 
MgCa(C0 3 ) 2 , BaC0 3 ...) 

Cac ceil tir khac co thi true liep la oxyt (thi du PbO, A1 2 0 3 ) hoac dang muoi (borax 
Na 2 B 4 0 7 , photphat canxi Ca(P0 4 ) 2 ...). 

Viec su dung lai manh thuy tinh vun vtra co lqi vi mat kinh te', lai tao thuen lqi cho 
qua trinh nau do tao ra pha long sdm hon. Trong cong nghe thuy tinh luqng manh thuy tinh 
su dung trong phd'i lieu co the de'n 50%. 
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Cac nguyen lieu thien nhien dang cue dugc gia edng dap, nghien, sang tren cac he 
th6'ng thiet bj lien hoan khep km nfcng suat cao tdfi c5 hat 0,1 -5- 0,5 mm. 

Cac nguyen lieu da dat yeu c^u ve d6 sach va kfch thude hat dirac can dinh lirang theo 
dan phd'i lieu (ham ltrgng cac nguyen lieu trong phoi lieu, dirge tmh toan tir thanh phan hoa 
hoc cua thuy tinh va thanh phan hoa hoc cua cac nguyen lieu) rdi qua khau tr6n d6ng nhat 
di thanh ph6i lieu nau thuy tinh. 

Thie't bi trdn ph6'i lieu thuy tinh thudng la may trdn gian doan. 

De tranh bay bui v& phan ldp, phoi lieu thudng dugc lam im bang nude (do am: 4 5%). 

9.2.2. Nau thuy tinh 

Tuy theo thanh phan hoa hoc, thuy tinh silicat dugc n£u a nhiet do khac nhau, nltm 
trong khoang 1400+ 1600"C. 

Lo nSu thuy tinh co hai loai chmh: 16 gian doan (hoat dong gian doan theo chu ky me 
na'u) va 16 lien tuc (hoat ddng theo nguyen tac lien tuc: phoi lieu cap vao lien tuc, thuy tinh 
lay di gia c6ng lien tuc). 

Cac giai doan cua qua trinh na'u thuy tinh d 16 gian doan di£n ra theo trinh tir thdi 
gian, titong ung vdi cac nhiet d6 khac nhau cua m6i giai doan; con a kieu 16 lien tuc di6n ra 
tai cac khoang khong gian khac nhau vdi nhiet dd khac nhau trong 16. 

De san xuat thuy tinh vdi san lugng ldn ngudi ta thudng sir dung cac loai 16 bi lien tuc 
nSng su£t cao. So dd cau tao mot 16 be lien tuc nau thuy tinh dugc trinh bay tren hinh 9.6. 


Mieng dot 


Cap 

phtfi 

lieu 



Hinh 9.6. So do 16 be lien tuc nau thuy tinh. 
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Qua trinh hoa ly nau thuy tinh h£ kiim - kiem th6 - silicat thdng thubng diin ra nhu sau: 

Ttr 600 C bat diu c6 phan Crng 6 trang thai rdn giua soda, da vOi va cal, tao ra cac hop 
chat silicat va toa ra khi' C0 2 - 

C5 khoang 800°C xuat hien pha long dau tien, luqng tang dan theo nhiet d6. Den 
1100 C phdi lieu chuyin thanh chA't long nong chay co do nhcrt cao, trong do chira nhiiu bot 
khi va con mot ty le cac hat nguyen lieu rdn chua tan, chu yeu la cat quartz. 

Phan ung sinh khi trong qua trinh nau chay thuy tinh la co lqi vi no co tac dung tang 
khuay lr6n va d6ng nhat hoa khd'i thuy tinh long nong chay. 

Di hoa tan het cac hat cat phai tang nhiet do den 1500°C va can luu b do m6t khoang 
thcfi gian can thiet vi do nhdt cua chA't long nong.chay silicat la kha cao, toe do hoa tan cua cat 
la rat chAm. Luqng manh thuy tinh trong ph6'i lieu co tac dung giam thai gian nau dang ke. 

Vice duy tri nhiet d6 1500°C cao han nhiiu so vdi nhiet d6 tao pha long 1100 () C 
khong phai chi di rut ngdn thcfi gian nau ma muc dtch chfnh la nhdm thuc hien qua trinh khir 
bot va d6ng nhdt hoa khoi thuy tinh long. Khir bot la qua trinh tach bot khi ra khoi thuy tinh. 
D6ng nhat hoa la qua trinh tac dong tao thuAn lqi cho su phan bo dong deu cac cau tir trong 
thuy tinh, lam cho thuy tinh co su dong nhA'r vi thanh phan hoa hoc. Ca hai qua trinh nay 
deu bi can tror do do nhdt cao cua thuy tinh nong chay. 

Ngoai bi£n phap tAng nhiet do la bi£n phap co ban, mot so bien phap khac duqc ket 
hop thuc hien. Cac 16 be lien tuc duqc thiet ke sao cho dong chay dtfi luu cua thuy tinh long 
du dai di tang chuyin vAn va khuech tan phan tu, tang tac dung tron deu khdi thuy tinh 
nong chay. 

Trong ky thuAt nau cac loai thuy tinh ky thuAt dftc biet ngudi ta sir dung them cac thitft 
bj khu Ay trdn co hoc, 

De tang cuong qua trinh khu bot, cac chat khir bot dua vao cimg phoi lieu co tac dung 
khir bot rat tot. Do la cac hop chat (nhu As 2 0}, Sb 2 0 ? , NaN0 3 , Na 2 S0 4 ) co phan ung toa khi 
(nhu 0 2 , C0 2 , S0 2 ). Cac khi nay duqc toa ra vao giai doan khu bot, se sue vao khdi thuy 
tinh long, cuon cac bot khi nho san co trong thuy tinh thanh bot ion de di thoat ra ngoai. 

Ngoai ra, cac phu gia lam giam sue cang bi mat cua thuy tinh long cung co tac dung 
tot h6 trq cho khir bot. 

Bo tri xuc khi nen vao thuy tinh long cung la bien phap tot de khir bot va d6ng thdi 
tang cudng dong nhA't hoa thuy tinh. 

Khi cac nguyen lieu da hoa tan het vao pha long nong chay, bot khi da duqc tach hit, 
khoi thuy tinh long da hoan toan dong nhA'i vi thanh phan hoa hoc thi qua trinh n£u thuy 
tinh co ban da hoan thanh. 

Giai doan cuoi cua qua trinh nA'u la giai doan ha nhiet d6 va on dinh. Khdi thuy tinh 
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long da dat ch&'t luqng duqc giam nhiet d6 dtfn khoang 1000 1200°C va §111 on dinh gia 

cdng tao hinh. (!) giai doan nay qua trinh khu bot co th^ van con liep di6n. Chat luqng nau 
cua thuy tinh duqc danh gia bang chi ti6u do dong nh&'t cua no. Trudng hop ly tubng thuy 
tinh thu duqc sau khi n£u la mOt pha thuy tinh hoan loan ddng nhat ca ve pha va thanh ph£n 
hoa hoc. Cac biiu hiOn lam giam d6 d6ng nha't cua thuy tinh nhu bot khi (do chua khCr bot 
triet d£), van (thanh phan hoa hoc chua d6ng nhat), hat tinh the (do k& tinh hoSc phoi lieu 
chua tan htft hoac vat lieu chiu lira roi vao)... duqc goi la cac khuydt tat cua thuy tinh. 

Cac khuyd't tat nay se anh huong xau den cac tinh cha't quang hoc, do ben co, ben 
nhiet, ben hoa... cua thuy tinh. 

9.2.3. Tao hinh san pham 

So vdi gdm, thuy tinh co thuan lqi hon trong kha nang tao hinh san pham. Kha nang 
tao hinh tdt cua thuy tinh dua tren dac tinh biO'n d6i mdt each 66u dan, nhip nhang cua dO 
nhert - y£u 1 6 quyet dinh dS'n bien dang deo cua vat lieu - theo nhiet do (hinh 9.7). 



Hinh 9.7. M6i quan h6 dO nhdt - nhi£t dO cua thuy tinh va khoang nhiet do tao hinh, u 

T g - nhiOl do chuyen cua thuy tinh. 

Vung nhiOt 66 gia cOng tao hinh thuy tinh duqc xac dinh tir duong cong do nhdt-nhiOt 
do noi trOn, umg vdi khoang do nhert phu hop d0 gia cOng tao hinh. 

Cac loai thuy tinh khac nhau c6 khoang nhiet dd gia cdng khac nhau, phu thuoc vao 
thanh ph£n hoa hoc cua thuy tinh. Dang cua duemg cong do nhert - nhiOt do cung anh huong 
d£n di£u kiOn gia cOng cua thuy tinh. Mot thuy tinh co dudng cong vdi do ddc cao trong 
vung biO'n m£m se cho khoang nhiet do gia cong hep va duqc goi la "thuy tinh ng^n", con 
trudng hop vdi dO dO'c thoai se cho khoang nhiet do gia cdng rdng hon va duqc goi la “thuy 
tinh dai”. Ngudi ta can cti vao dac tinh tren dO chon phuong phap va thiet bi gia cdng tao 
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& phuong phlp can, thuy tinh ndng chay c6 dd nhdt thich hop dirge ca'p vao giQa hai 
true can va duoc can thanh bang kmh. Phuong phap nay thuong dugc ap dung de san xutft 
kmh can van hoa (k/nh co tao van hoa trang tri tr£n be mat) va kmh cd't Iu6i thep (kmh ttfm 
co cdl Iuoi thep nlm giQa ta'm thuy tinh). 

Trong phuong phap k€o, thuy tinh duoc keo Jen tCr be mat b£ thuy tinh nong chay theo 
phuong thing durng (phuong phap keo dung) hole sau do chuy^n sang phuong nlm ngang 
(phuong phap keo ngang) nh6 cac he thdng thi£t bi tao hinh thfch hop. Chilu day bang kmh 
duoc di£u chinh thdng qua nhiet dd va 1 6 c do keo. 

Ki'nh keo co chit luong be mat cao hon kinh can, tuy nhien chua dat y6u cau de trang 
guong. Di san xult gucrng, kmh keo duoc xu ly bi mat: mai, danh bong hai mat kmh. 

Phuong phap keo n6i (floating) II phuong phap cho san phlm kinh tlm chat luong caonhlt. 

6 phuong phap nay thuy tinh nong chay duoc cap vao mdt b£ thiec nong chay di tao 
ra mdt 16p thuy tinh n6i tren b£ mat hi thile, r6i duoc keo di theo phuong nlm ngang va ha 
nhiet do din d£ tao thanh blng kinh phlng (hinh 9.9) 

Chi^u dli be* thiec cd the den 60 m. 



Thilc la kirn loai duy nhat phu hop cho muc dfch tren do no co ap suat hoi thap 6 
nhiet d6 gia c6ng thuy tinh (khoang 100CTC). De tranh oxy hoa thiec, khdng gian 16 duoc 
khdng chd 6 dilu kien mdi truemg khir ye'u. 

Kinh ndi co chit luong be mat cao, dat yeu cau de trang guong ma khdng cln gia 
c6ng them. 

Thuy tinh 6 dang bdng soi duoc san xult vdi cac clp chat luong khac nhau de phuc vu 
cac nhu clu khac nhau nhu vat lieu each am each nhiet, vlt lieu cdt soi gia cong cho vat lieu 
compozit vl cap quang. 

Bdng thuy tinh di each lm each nhiet thudng d dang soi ngan, roi, duoc chi tao blng 
phuong phap thdi khi ap lire cao vao cac dong manh thuy tinh nong chay (phuong phap thdi) 
hole blng each vlng ly tlm cac dong thuy tinh nong chay tren mdt dia quay hole true quay 
t6'c dd cao (phuong phap ly tarn). 
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Soi thuy tinh lam cd't sgi cho vat lieu compozit dirge ch£ tao bang phuang ph£p keo 
thuy tinh d trang thai deo tir m6t dan 16 (thudng bang platin) d day bi chtia thuy tinh thanh 
cac sgi dai lien tuc vdi dudng kfnh vai pm (hinh 9.10). 

Sgi dirge phu be mat chat bdi tran hoSc chat lien ket cho giai doan gia c6ng tie'p theo. 
Cac sgi manh nay dugc ben thanh sgi to hon va cuon lai thanh tfng sgi. Tir cic dng sgi nay 
sgi thuy tinh dirge tiep tuc gia cong theo cac phuang phap cua cOng nghe det thanh cic san 
pha’m nhu sgi, bang, vai... d6 cung dp cho c6ng nghiep san xuat vat lieu compozit. 

Do cac chat phu b£ mat sgi khdng bam dfnh vdi cac cha't huu co lam vat lieu n£n cua 
compozit nen trude khi su dung phai xir ly nhiet (khoang 600 (, C) d6 lam sach b6 mat va phu 
len met ldp chat bam dfnh (thudng la hgp chat silan). 

Vai tro cua chat bam 
dfnh la thong qua nhom co cue 
de tang cudng lien ket giua be 
mat sgi vai cha't nin hffu cc, 
dong thcri ng£n su tham nhap co 
hai cua nude vao bi mat tiep 
xuc giua sgi va n6n. 

Sgi quang (sgi thuy tinh 
truyen dan anh sang) co the 
dugc che' tao theo nguyen tdc 
sgi bgc. Mdt sgi thuy tinh co 
chi so chie't suat cao (n,) dugc 
bgc bdi rndt ldp thuy tinh khac 
co chi s 6 chie't suit nho han Hinh 9.10. So do nguyen t&c keo sgi thuy tinh bang 

(n 2 ). Vdi d6 chenh lech chie't phuang phap keo qua dan 16. 

sua't phu hgp se dat dugc hieu ung phan xa toan phin cua inh sang. Ket qua la mot tia anh 
sang tdi di vao mot diu cua sgi se lan truySn trong sgi chi trong pham vi khdng gian sgi loi 
va phat ra vdi nang lugng dugc bao toan d di u cudi cua sgi (hinh 9.11). 



Thuy tinh 
nong chay 

Dan 16 

Sgi thuy 
tinh 


Sgi ben 

Guong 
cu6n sai 



Hinh 9.11. Anh sang lan truy6n trong sgi quang thuy tinh 
a- Sgi boc; b- Sgi co gradient chie't suat. 
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Loai spi boc thirdng dupe san xuat iheo phuong phap keo dua - 6ng. Theo do, m6t dGa 
thuy tinh co chiet suit cao dupe dat vao b£n trong mpt 6ng thuy tinh c6 chiet su*t tha'p r6i 
duoc ddt nong vk keo thanh spi. De tao ra chfinh lfech chtft su&'t giOa viing ben trong va 16p 
vo cua soi thuy tinh cung co the sir dung phuong phap trao d6i ion tren b£ mat spi. 

Nguyen tdc khac di san xu£t spi quang la ch£ tao spi c6 chi s6 chiet sua't bien ddi lien 
tuc (gradient chie't suft) theo phuang tir true spi ra phfa U mat spi. Khi do, tia sang se dupe 
lan truydn trong spi v6i phuong bi£n d6i c6 dang hinh sin (hinh 16b). 

Su bi£n d6i cua chi s 6 chiet su£t dupe thuc hi£n nhd sir bien doi cua thanh phdn hoa 
hoc cua thuy tinh (thi du thuy tinh Si0 2 - B 2 0 ? ). 

Spi quang loai nay thubng dupe san xuSt bang cOng nghe ngung tu thuy tinh tir phan 

urng pha hoi (CVD). 

9.2.4.11 va gia cong bo sung 

Sau cong doan tao hinh, cac san pha’m thuy tinh dude qua xu ly nhiet theo mot che dp 
xac dinh nham khir irng suat npi trong thuy tinh. Do cac san ph4m thuy tinh duqc tao hinh a 
trang thii m4m, sau dp lam lanh de'n nhiet dp kh&ng khi, khoang chenh lech nhiet do nay la 
kha ldn, mat khac thuy tinh silicat la v4t lieu dan nhiet kern, cho nen kha nang hinh thanh 
u:ng suat npi trong cac san pham thuy tinh la rat ldn. 

D4 khir irng suit noi. thuy tinh duqc dO't nong de'n m6t nhiet dp gin nhiet dp bit din 
bien m4m va luu mot thin gian de khir he't ung suat da co, sau do lam lanh veri toe dp cham 
di kha nang tao ting su4t tro lai la tha'p nha't. Khi da qua khoang nhiet do co the tao ting 
su&t, tiSp tuc lam lanh nhanh hon d£n nhiet dp khong khi. 

Rieng thuy tinh quang hoc doi hoi mot che dp ii dac biet vPi theti gian dai hon nhieu 
so vdi cac loai thuy tinh khac. Ngoai muc dich khir ling suat no con nham 6n dinh su sap xep 
ca'u true cua mang luPi thuy tinh de 6n dinh cac chi tieu tinh chat quang hoc. 

Cac loai gia cOng ba sung sau tao hinh bao gpm: gia cOng cai thien tinh chit be mat 
(mki, dinh bong, an mon. trang guong, phi. lop b4 mat...), hoac gia cflng nham tang do b6n 
co hoc ciia thuy tinh (t6i nhiet, l6i hoa hoc) hoac gia cong nhiet d £ chap noi, han gan c3c chi 
tiet thuy tinh co hp s6 gian ncf nhiet xap xi nhau. 

9.3. XIMANG VA BfcTONG 

Trong cac loai chat ke't dinh vO co silicat thi ximang Portland la loai chat kPt dinh 
thdng dung nhat va belong tren co sP ximang nay cung la loai belong thong dung nha't. 

Chung duqc san xua't dai tra v6i san luqng ldn tren cac day chuyen thiet bi nang suat 
cao de phuc vu nhu ciu cua cac nganh xJy dung, giao thong va thuy lqi. 
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9.3.1. Ximang Portland 

D&y chuy£n cong nghe san xuat ximang portland bao gom cac cong doan chu yeu 
sau day: 

- Khai thSc, gia cong nguyen lieu, gia c 6 ng phoi lieu. 

- Nung luyen clinke ximang. 

- Nghidn clinke ximang va phu gia. 

9.3.LI. Nguyen lieu va phoi lieu 

Cac nguyen lieu chinh d£ san xuat ximang portland la dat set (cung cap Si0 2 , A1 2 0 3 ), 
da voi (cung cap CaO) va quang sat (cung cap Fe 2 0 2 ). Ngoai ra con co cac nguyen lieu phu 
de dieu chinh thanh ph$n hoa hoc cua phoi lieu nhu quartzit phong hoa, diatomit d£ tang 
ham luqng Si0 2 , boxyt de tang Al 2 03 , xi pyrit (phe thai c 6 ng nghiep super phosphat) de 
tang Fe 2 03 . 

Ben canh cac nguyen lieu hop thanh phoi lieu de nung luyen clinke, c 6 ng nghiep 
ximang con sir dung mdt luqng dang ke cac loai phu gia dira vao h 6 n hop ximang trong giai 
doan nghien clinke nham dieu chinh toe do dong ran cua ximang (nhu thach cao) va d£ ha 
gia thanh san pham (nhu xi 16 cao, xi nhiet dien, cat, da silic, da v 6 i,...). 

Dat set lam nguyen lieu san xuat ximang khong doi hoi cao nhu dat set lam nguyen 
lieu gom suf. Y 6 u cau ky thuat chinh d day la dam bao thanh phan hoa hoc (ham luqng Si0 2 , 
A1 2 0 3 ) trong m 6 t pham vi nha't dinh. Cac tap chat trong dat set nhu cat, trang thach, da voi, 
chat huu co vin duqc chap nhan trong gioi han tuong doi r 6 ng. 

Cac ngu 6 n nguyen lieu dat set cho cong nghiep ximang thuong duqc sir dung la dat set 
bai song, da't set ruong, phien thach set (dat d 6 i), da set voi,... 

Da voi lam nguyen lieu ximang thudng la loai da voi co ham luqng CaO cao. Cung co 
th^ sir dung da phan, da voi set..., va edn khong che' tap chat co hai MgO < 5% vi MgO se 
gay mat 6 n dinh the rich cua ximang khi dong ran. 

Dat set, da voi khai thac tir nio ve duqc ddng nhat so bo de bao dam tinh dong deu va 
on dinh ve thanh phdn hoa hoc cua moi nguyen lieu. 

Don phoi lieu ximang (ty le ham luqng cac nguyen lieu trong phoi lieu) duqc tmh toan 
tir yeu cau chat luqng cua loai ximang edn san xuat. Cac can cir de tmh don phoi lieu la: 
thanh ph&n khoang cua clinke (ty le ham luqng cac khoang chinh: 3Ca0.Si0 2 (ky hieu la 
C 3 S), 2Ca0.SS0 2 (C 2 S), 3CaO.Al 2 0 3 (C 3 A), 4 Ca 0 .Al 2 03 .Fe 2 0 3 (C 4 AF)), cac he so dac 
trung cho thanh phan hoa va thanh phdn khoang cua clinke (he so bao hoa KH hoac LSF, 
modul silicat n va modul aluminat p) va thanh phin hoa hoc cua cac nguyen lieu. 

Trirbng hop su dung nhien lieu than de nung clinke ximang thi phai tmh den phan 
iham gia cua tro than vao phd'i lieu. 
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Cac nguyen lieu dupe can dinh lupng theo dan phoi lieu va dupe nghien chung trong 
mOl may nghien d^ nghien min va trpn ddu thanh ph6'i lieu. 

Gia cong chufln bi phoi lieu ximang portland co hai phuang phap chinh: phuang phap 
udt va phuong phap kho. 

Theo phuang phap udt, cac nguyen lieu duac nghien trOn cung vdi nude d^ tao thanh 
phoi lieu dang huyen phii dac vdi do am 30 -s- 40%. 

Con 6 phuang phap kh6, cac nguyen lieu duac nghien trdn dong thdi s£y kh6 den d6 
im I + 2%. 

Hien nay phuang phap kho dang chiem uu the do uu diem tiet kiem nang lupng va day 
chuyen thie't bi gon han. 

9.3.1.2. Nung 

Phoi lieu ximang duac gia nhiet trong 16 nung de thuc hien cac phan ling chuyen hoa 
thanh clinke ximang. 

Co hai loai 16 nung chfnh: 16 dung va 16 quay. 

Lo dting sir dung phoi lieu chui’n bi theo phuang phap kho co nghien lan than trong 
phoi lieu, phoi lieu duac tron dm va tao hinh thanh dang vien (do dm 12 + 16%). 

Lo quay co hai loai: 16 quay cho phoi lieu udt va 16 quay cho phoi lieu khd. 

O 16 quay cho phoi lieu udt, phoi lieu duac c£p true tiep vao 16 nung. 

Khac vdi 16 quay cho phoi lieu udt, cau tao cua 16 quay cho ph6i lieu khd co them he 
thdng cyclon trao ddi nhiet hoac he thd'ng cyctone va calciner de thuc hien nung so bo phoi 
lieu trude khi vao 16 quay. Sa d6 cS'u tao mot he thong cyclone trao doi nhiet cua 16 quay 
phuang phap kho duac trinh bay tren hinh 9.12. 

Nh6 tac dung nung sa bo bd sung noi tren, qua trinh phan huy nguyen lieu dat set, da 
vdi duqc thuc hien trude mot phan ldn, giup cho qua trinh nung luycn tiep theo trong 16 quay 
dupe thupn lpi, rut ngdn thdi gian phan ting va tti do cho phep nit ngdn chieu dai 16 so vdi 16 
quay phuong phap udt. 

Lo quay phuang phap kho hien dang la phuang phap c6ng nghe cd hieu qua kinh te' ky 
thuat nha't, dupe ting dung rong rai trong edng nghiep san xuat ximang portland. 

Khi 16 quay hoat ddng, dong khi nong tti ngon lira cua nhien lieu chay dupe phun tti 
phia dau tha'p cua 16, chuyen van trong 16 tti dau thap len dau cao. Con phd'i lieu dupe cap 
vao phia dau cao cua 16, chuyen van dan xud'ng phia ddu thap, ngupc chieu vdi dong khi nong. 

Trong qua trinh chuyen van, phd'i lieu se di qua cac viing nhiet dp khac nhau phan b6 
doc theo chieu dai cua 16 (dupe goi la cac zdn), thuc hien cac giai doan chuyen bien hoa ly 
de chuyen hoa thanh clinke ximang. 
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Cyclon tang I 



Hinh 9.12. So do cau tao cua mot he cyclon trao doi nhiet cua 16 quay phuong phap khd: 

1 - quat hut khi thai; 2- cyclon ]oc bui; 3- cua tifc'p lieu; 4- 16 quay. 

Cac di£n bien hoa ly chu yeu cua qua trlnh nung luyfin clinke xay ra nhy sau: 

- Zon say (70 + 100°C): nude lien k£'t co hoc boc hcti, phoi lieu duac say khd hoan toan. 

- Zdn dot nong (450 * 500°C): cac chat huu co chay, boc hoi, nude lien k£t hoa hoc 
trong cac khoang tinh thi ng|m nude (nhu caolinit) bi tach ra, boc hoi. 

Al 2 O 3 .2Si0 2 2H 2 0 —► Al 2 0 3 .2Si0 2 + 2H 2 0 
Caolinit Metacaolinit 
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- Zon phan huy hay zon toa nhiet (500 + 100CTC): dat set va da v6i phan huy, tao ra 
cac san phdm trung gian va 6xit mdi sinh: 

Al 2 0 3 .2Si0 2 —► Al 2 0 3 .Si0 2 + 2Si0 2 
CaC0 3 — 2 ► CaO + C0 2 T 

Dong thdi bit dan co phan ifng pha rin giua cac oxyt mdi sinh tao ra cac khoang C 3 A, 
C 4 AF va C 2 S. 

Cac phan ling nay d£u toa nhiet lam cho nhiet do zon nay tang nhanh so vdi zdn trudc, 
dac biet trong khoang 900 -s- 1000 {, C. 

- Zdn kdt khdi (1300 -5- 1450 -5- 1300 {, C): D&y la zdn co nhi£t do cao nhdt cua qua tr'mh 
nung. Cac phan ling tao khoang ximang quan trong nhat dirqc thirc hien, ket hop vdi qua 
trinh ket khdi tao hat ciinke. 

C) 1300°C xuat hien pha long nong chay tu hon hop co thanh phan Cutecty he silicat 
kilm - ki^m thd, hoa tan them cac khoang d t chay nhu C 3 A, C 4 AF. 

Nhd co mat pha long, qua trinh kdt khdi pha rin dirqc xuc lien manh. 6 1400°C pha 
long tang len vd luqng va giam do nhdt, hoa tan cac khoang C 2 S va CaO to do. Tir pha long 
nong chay nay, khoang C 3 S la khoang quan trong nhat cua ximang portlad dirqc tao ra. 
Luqng C 3 S tao duqc phu thuoc vao luqng pha long, thanh phan hoa hoc cua pha long. 

C3 giai doan cuoi cua zon ket khoi, khi nhidt d6 giam xudng 1300 n C, cac khoang C 3 A, 
C 4 AF, C 2 S ket tinh lai tu pha long nong chay. 

- Zon lam lanh (1300 4- 1000°C): Sau khi ket thiic qua trinh tao khoang va ket khoi, 
ciinke duqc lam lanh trong 16 tir 1300 n C xudng 1000 () C va tiep tuc vao may lam lanh de ha 
nhiet do xudng dudi 100°C. 

Kdt thuc qua trinh nung luyen, thu duqc ciinke ximang a dang hat iron (dirdng kmh ca 
10 - 40mm), thanh phan pha gdm co khoang C 3 S (Alit), C 2 S (Bclit), C 3 A, C 4 AF va pha thuy 
tinh, ngoai ra con mot ty le rat nho CaO tu do, MgO tu do. 

De tang toe do phan ung trong qua trinh nung luydn ciinke ximang, ngudi ta thudng 
dua vao phdi lieu ximang mot ty le rat nho cac chat phu gia khoang hoa (nhu cac hop chat 
chtra Fluor, thach cao, phospho thach cao...). Cac phu gia nay co tac dung ha nhiet d6 tao 
pha long, giam do nhdt pha long, tang tfnh hoat dong cua pha long, tir do xuc tidn manh qua 
trinh phan urng tao khoang cua hdn hqp phdi lieu. 

De duy tri khoang C 2 S a dang thu hinh pC 2 S (co tinh chat ket dfnh) trdnh chuydn vd 
dang thu hinh yC 2 S (khong co tfnh ket dfnh, dong thdi gay hien tuqng ta thanh hot cua 
ciinke ximang) ngudi ta thudng dua vao phu gia khoang hoa (nhu Cr 2 0 3 , B 2 0 3 ) co tac dung 
tao dung dich rdn vdi C 2 S, qua do on dinh dang thu hinh pC 2 S. 
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9.3.1.3. NghiSn 

Clinke ximang duoc nghien cung vdi cac loai phu gia tdi co hat du min thanh ximang 
thanh ph<im. 

Ty If phu gia thudng gdm 3^5% phu gia di£u chinh ti'nh chat, 10 -s- 12% phu gia boat 
tmh va phu gia tro. 

Do min cua ximang la mdt chi ti£u ky thuat quan trong, quyet dinh ch£t luang 
ximang. D6i vdi cac loai ximang thSng thudng, yiu ciu ty dien cd 2500 -5- 3500 cm 2 /g, 
ximing cudng do cao: 4500 + 5500 cm 2 /g. 

Clinke ximang ra 16 dang con nong kh6ng th^ nghi4n ngay vi se gay nong may nghien 
lam giam tac dung nghien va gay mat nude hoa hoc cua phu gia thach cao. Vi vfy clinke 
phai duoc lam ngudi va ii luu giu trong kho chura khoang 7-5-15 ngay. 

Trong qua trinh u, CaO tu do trong clinke hut am, no the ti'ch gay nut hat clinke, tao 
thufn loi cho qua trinh nghien. 

Thiet bi nghien ximang thudng dung ph6 bi£n la may nghien bi co hi thong phan ly 
cd hat trong mdt chu trinh kin (htnh 9.13). 



nghien bi 

Hinh 9.13. So d6 chu trinh kin nghien - phan ly cd hat ximang 

Ngudi ta cung su dung phu gia tro nghien d£ tang hifu suat nghien, tang dd min cho 
ximang. Do la cac cha't (thi du nhu aminaxetat, etylenglycol,...) khdng gay anh hudng xfiu 
den tfnh chat cua ximang, vdi mot ham luong rat nho co tac dung giam nang luqng hoac 
difn tfch b4 mat cua cac hat ran duoc nghidn va cua be mat vat the nghien (bi nghien), giup 
khac phuc hien tuong cac hat min hut dmh vao nhau va di'nh bet vao vat the nghien lam m3t 
tac dung nghien. 

9.3.2. Belong 

Betdng trdn co so chat kd't dmh ximang portland duoc che tao theo cac bude edng 
nghf sau day: 
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- Gia c6ng nguyen lieu, tr6n phbi lieu (vtfa bet6ng). 

- Due tao hinh san pham. 

- Bao dirdng san pham. 

9.3.2.1. Nguyen lieu, pho'i lieu 

Nguyen lieu d i che tao betong ximang portland gom co: c6't lieu, ximang Portland va 

nude. 

- Cot lieu: la cac vat lieu ran dang hat vdi kich co khac nhau (hoac dang soi, ludi...) 
dong vai tro tao khung ca'u true cho khtfi betdng. Th6ng thirdng, ty le ctft lieu chie'm khoang 
80 + 85% khdi lucfng betdng. Phd bie'n nh£t la cd't lieu dang hat vdi hai loai kich thude: c6't 
lieu hat nho va c6't lieu hat to. 

Cdt lieu hat nho thong dung la cat tu nhien (cat vang) cd hat khoang 0,14 + 5,0 mm 
hoac cat nhan tao (da nghi£n). Chit lugng cua cat phu thude vao thanh phin khoang, thanh 
phin hat va do sach. Tap cha't dat set la co hai vi no se gay bie'n doi the ti'ch khi do am bie'n 
ddi nen co the gay nut vd belong. Cat thien nhien sau khai thac can dugc rira bang nude sach. 

Cot lieu hat to (hudng dung la soi, da dam kich thirdc c5 5 + 70 mm (trudng hap k£t 
ca'u betdng khoi Ion co the de'n 150 mm). 

Do hi mdt cua soi tron nhan, kha nang bam dinh vai viia ximang bj han che cho nen 
betdng dung cd't lieu soi co cirdng dd khong cao so vdi betdng dung da dam. 

Chat lugng cua cot lieu hat to dirge danh gia qua cirdng do, thanh phin hat va do sach. 
Soi sau khi khai thac can dirge rira bang mrdc sach. 

- Ximang: ximang dong vai tro chat ket dfnh lien ke't cac loai cot lieu vai nhau de tao 
thanh mdl khoi vat lieu ke't ca'u vung chic. 



Hinh 9.14. Ca'u true cua vfta betong: 
a- vua betong cunng; b- vura betdng deo; 
1- cd't lieu hat to; 2- vfla ximang. 
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Mac ximang dupe lua chon theo mac betdng cln che tao. Lupng ximang trong betdng 
thudng dung trong khoang 8 4-15% khdi lupng betong. 

Ve nguyen tic, lupng ximang chi cln de tao ra mot lupng vua ximang vira dii Up dly 
khoang trdng do cac hat cdt lieu to xdp ti^'p xuc nhau tao ra. Nhung vtfa betdng nhu vly se 
ri't cdng, thi cong se gap kho khan. Cho nen de tang tinh luu dong cho v&a betdng thi 
can tang lupng ximang them mdt ty le xac dinh nhlm dly cac hat col lieu to ra xa nhau 
(hinh 9.14). 

Ngudi ta xac dinh phln tang nay cho tirng loai betOng thdng qua chon he s6 trupt a 
(khoang 1,05 4- 1,5). 

- Nude: nude trpn vQa betdng nhlm cung clp phlii nude cho phan ling thuy hoa cua 
ximang va mdt phln Idn khac nhlm tao ra dp luu dpng cln thilt cho vua betdng, bao g6m ca 
lupng nude bu phln nude bi cdt lieu hut (hap phu). 

Lupng nude de trpn vtfa betdng cd anh hudng rlt Idn d£n tinh edng tac (kha nang thi 
edng) cua vOa betdng cung nhu dPn cudng dp betdng thu dupe. 

Khi lupng nude iron betong qua it, nude chi dupe hip phu tren be mat cac hat cdt lieu, 
chua tao dupe do luu dpng cho vura betdng. Lupng nude tang len se xult hien mang nude 
tren hi mat hat cdt lieu co tac dung “boi tron”, giam ma sat gifla chung, lam cho dp luu 
dpng vOa betdng tang len. Ne'u lupng nude tang len qua nhi^u se tao ra phan nude du thCra tu 
do, tao hipn tupng phan tang trong betdng sau nay boc hoi di de lai 16 rong cho betdng, lam 
giam cudng dp betdng. 

Nude tu do d ben trong se dong lai tren be mat cac hat cot lieu, lam yeu moi lien ket 
giua chung vdi vita ximang va de gay ra vet nurt cho khdi betong. 

Nude de trpn viia betdng cung nhu de bao dudng betong sau due tao hinh va ca nude 
de rua cdt lieu phai dam bao yeu clu khdng anh hudng xau den qua trinh phan irng dong rln 
cua betdng va khdng gly an mon cdt thep (neu la betdng cot thep). 

Nude de chd tao betdng thudng sir dung luon nude sach sinh hoat. Cac loai nude nhu 
nude dam, ao, ho, cong ranh, nude chira dlu md, axit, muoi sulfat... khdng dung dupe cho 
san xuIt betdng. 

Ty Id lupng cac nguyen lieu thanh phln cln thie't de tao nen phoi lieu vfra betdng dupe 
goi la clp phdi betdng. Cap phoi betdng dupe tmh sin cho tirng loai mac betdng (cudng dp 
cua betdng). 

Co so de tinh toan clp phdi betdng la ty le thanh phan hop ly theo thi tich cua cac pha 
tao nen cau true betdng thanh pham (pha cdt lieu, pha dong ran cua vua ximang va pha khi) 
va chat lupng ciia cac pha do. 

Theo clp phdi, cac nguyen lieu dupe dinh lupng theo thanh phan khdi lupng hoac 
thanh phln th£ tich (cln hole dong) va tron deu trong may d£ thu dupe vua betdng (hoac 
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con duoc goi la betdng tuai), s£n sang do vao khuOn tao hinh. 

Trdn la khau quan trong quyet dinh dd ddng nhat cua vua betdng va tir do cua c£u trtic 
bStdng. 

May trdn thudng sir dung la may trdn gian doan ki£u thimg quay. 

Vfta bdtdng loai deo duoc tron trong may trOn tir do (hdn hop phd'i lieu quay trong 
thung, ldn d£n mdt dd cao se rai tu do va duoc tron d£u). 

Loai vua betdng kern deo duoc trdn trong may iron cudng burc (co cac canh quat quay 
nguoc chidu vdi chieu quay cua thung trdn). 

P.3.2.2. Due tao hinh san phdm 

Vua betong duoc d6 vao cac khudn (hoac cdp pha) dd due tao hinh cac san ph^m kd't 
ca'u bdtdng. 

Khi d6 vua betong vao khuOn thudng k£t hop cac bidn phap hd trd cho vua betong 
didn day cac ngoc ngach cua khuon va len chat vftt lieu nhu sir dung may dam rung (dam 
dui, dam ban...). 

De cai thien ti'nh cong tac ciia vua betong (kha nang dd tao hinh), ben canh viec xac 
dinh ty le nude tron betong phu hop, ngudi ta con sir dung cac phu gia boat ddng bd mat. 
Ban chat ciia chung khac nhau, co the la loai phu gia ua nude (thi du muoi canxi 
lignosulfonat), phu gia ky nude (thi du xa phong natri), phu gia tao bot khi (thi du xa phong 
colophon). Chung deu co tac dunglam giam lire ma sat, tang kha nang trifdt len nhau ciia cac 
hat ximang, qua do tang dd luu dong cua hdn hop vua belong. 

Khi sir dung phu gia hoat ddng be mat, luong nude tron betong can thie't se giam di, 
c&'u true cua betong se sit dac hon va cudng do betong se cao hon. 

rut ngan thdi gian ddng ran cua betOng, tang td'c do thi cong co the sir dung phu 
gia ddng ran nhanh (thi du CaCl 2 ), con khi phai van chuye’n betong tiroi trong khoang each 
xa hoac trong thdi tiet qua nong co the sir dung phu gia hiru co lam chain qua trinh ddng kfift 
cua ximang. 

9.3.2.3. Bao dudng san phdm belong 

Sau khi da tao hinh san pham betdng, can tiep tuc duy tri cac dieu kien nhidt dd, dd 
<(m dd qua trinh dong ran cua ximang duoc thuan loi va 6n dinh. 

Bien phap bao dudngtai cong trudng thudng ap dung la phu len bd mat cau kien mot 
lap cat hoac bao tai r6i dinh ky tudi nude. Tai nha may betdng due sitn co the dudng hd bang 
hoi nude bao hoa hoac chung ha'p. 

Can chu y la qua trinh thuy hoa va ddng ran cua ximang portland la mdt qua trinh keo 
dai theo thdi gian. 

Tir 7 -r 14 ngay, qua trinh phan ung va cudng do betdng phat trien nhanh nhung sau 28 
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ng&y thi cham dan va tidp tuc k£o dai den hang chuc nSm sau. Sau 28 ngay dong ran chi co 
khoang 2/3 ximang da tham gia phan umg thuy hoa, con khoangl/3 ximang chira phan ung. 

Trong di£u kien dd £m khdng khi thay ddi, betdng co bie'n ddi the ti'ch: co lai khi khd 
va nd ra khi a’m. 

Hien tuong co lh& ti'ch cua betdng co nguydn nhan mat nude cua cac tinh thd ngam 
nude va cac gel trong ca'u trtic ximang dong ran. 

Khi dd &m khdng khi cao hoac khi betdng ngam trong nude, belong lai nd ra. 

Sir co - nd se gay ra ting sua't ndi trong betdng, cd thd dan tdi ntit vd betdng. Vi vay 
cac cong trinh ki'ch thude ldn can cat phan doan tao cac khe co gian cho khd'i betdng. 

Ben canh betdng thdng thudng noi tren, betong cot thep la vat lieu quan trong trong 
nganh xay dung. 

Betdng cd't thep la betdng tren co set ximang portland va edi lieu hat nhu tren, ddng 
thdi co them loi thep, thudng d dang khung hoac ludi tao bdi cac thanh tie't didn tron. 

Su ket hop gifla betdng la vat lidu chiu nen tot (chiu keo yeu) vdi thep la vat lieu chiu 
keo td't trong mot ket ca'u thong nha't da cho mot vat lieu compozit co kha nang chiu tai cao 
k^t hop uu di£m cua ca hai vat lieu tren. 

Betdng boc ben ngoai cd't thep con co tac dung bao ve chdng an mon cho thep. Kha 
nang bam dinh td't cua ximang len hi mat thep va su phu hop ve he so gian nd nhiet cua hai 
loai vat lieu da dam bao sir vung chac on dinh cua ket ca'u betong cot thep. 

De tang cao dd ben cho betong cot thep, ngudt ta chd' tao betdng cdt thep ung suat 
trude (betdng du urng luc). Bang phuong phap keo cang cd't thep trude khi do betdng, kho'i 
betong thu duoc ludn cd ung suat nen du, nhd v|y do ben keo va ben ud'n cua betdng 
tang cao. 
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Chirang 


c6ng ngh$ vat li£u t6 hop 

(VAT LI$U COMPOZIT) 

10.1. KHAl NlfiM VA TINH CHAT 

10.1.1. Khai niem 

Vat lieu compozil 1 a vat lieu td hop tif hai hoac nhidu loai vat lieu khac nhau. Vat lieu 
m6i duoc tao thanh c 6 tmh cha't ini viet hon nhi£u so v6i tiJng vat lieu thanh phin rieng re. 
V6 mat c£u tao, vat lieu compozit bao g6m m6t hay nhi^u pha gian doan phan b& d6u trdn 
m6t pha n£n lien tuc. Ndu vat lieu co nhi^u pha gian doan ta goi la compozit hdn tap. Pha 
gian doan thudng co ti'nh cha't trpi hon pha lien tuc. 

Pha lien tuc goi la nin (matrice). Pha gian doan goi la c6't hay vat'lieu tang circmg 
(renfort). 

Vung trung gian 
(tac nhan dmh ket) 


Hinh 10.1. So d6 minh hoa cau tao compozit. 

Can phan biet ro rang hai kh£i niem: vung trung gian va be mat tiep xuc. Be m&t tiep 
xuc la m5t k£t ca'u hai chidu, tuc la dien rich chi co ducmg bien gidi chung gitfa cac c<Cu tu, 
trong khi do, viing trung gian la mot pha co c£u true khong gian ba chieu va co thuoc tmh 
rieng cua no. Ro rang la, thu6c tmh cua vung trung gian co mOt vai tr6 rat quan trong trong 
viec xac djnh cac tmh cha't co ban cua compozit. Tht du, vung trung gian chlnh la noi ma 
uHg sua't co hoc lan truyen giua nen va cdt. Viing trung gian cung chfnh la nguong co lie 
dung ddi vdi tmh dn djnh ve thoi gian cua compozit. Phai thira nhan la, luOn tdn tai vung 
trung gian trong compozit mac du no chi co chieu day co ki'ch thude nguyen tu. 

Co tmh cua v|t lieu compozit phu thuOc vao nhirng dac tmh sau day: 

- Co tmh cua cac vat lieu thanh phan. Cac vat lieu thanh ph£n c6 co tmh tO't thi vat 
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lieu compozit cung c6 c 0 tmh tdt va td't hon tmh chat cua tCmg vat lieu thanh phdn. 

- Luat phan b 6 hinh hoc cua vat lieu cdt. Khi vat lieu c6t phan b 6 kh6ng d6ng d£u, vat lieu 
compozit bi pha huy truoc hit a nhung noi co it vat lieu cot. V6i compozit c6t sqi, phuong 
cua soi quye't dinh tmh di hudng cua vat lieu, co the di6u chinh duqc tmh di hirong nay theo 
y mudn di chd tao duqc vat lieu cung nhu phuong an cdng nghe phu hop vdi yeu cdu. 

- Tac dung tuong h6 gitfa cac vat lieu thanh phdn. Vat lieu cdt va nin phai lien ket 
chat che vdi nhau m6i co kha nang tang cu&ng va b<5 sung tinh chat cho nhau. Thi du lien 
kit gitfa cdt thep va ximang trong betong. 

10.1.2. Phan loai 

a. Phan loai theo hinh dang 

Compozit soi. Soi la nhung phan tu co chi£u dai tren 100 pm co ty le chieu dai/ducrng 
kfnh 16n hon 10. Soi co the b dang soi lien tuc, soi dai hoac soi gian doan nhu soi ngan, soi 
vun... Co th£ diiu chinh su phan b 6 va phuong cua soi de vat lieu co tmh di hudng theo y 
mudn. Compozit vay bao g6m nhung vay nho co hoac khOng co nen. Compozit hat . Hat 
khac soi 6 ch6 la no kh6ng co kfch thucrc uu tien. Loai vat lieu nay thucmg co tfnh chaft chiu 
nhiet, chiu mai mon t<5t. Trong compozit dii'n ddy (filled compozit) vat lieu tang cudng co 
call true xdp hoac ca'u true sqi khdng gian ba chieu la vat lieu dang lien tuc va duqc coi la 
vat lieu co ban, vat lieu thur hai cho them vao qua m6t each thurc goi la tha'm hoi bang hoa 
hoc (chemical vapor infiltration). Compozit phien bao g6m nhflng Idp rieng biet. Nhung 16p 
nay c6 the la nhOng vat lieu khac nhau hoac cung mdt loai vat lieu nhung co djnh huong 
khac nhau. 
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Hinh 10.2 % Cac loai compozit: 
a- compozit hat; b- compozit sqi; c- compozit phien; 
d- compozit vay; e- compozit d6 ddy. 
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b. Phan loai theo ban chat vat lieu thanh phdn 

- Compozit nen hOu co: n4n la nhua h&u co, c6't thucmg la soi hOu co hoac soi kfioSng 
ho&c soi kim loai. 

‘ Compozit n4n kim loai: Nen la cac kim loai nhu titan, nh6m, dong; cdt thudng la soi 
kim loai hoac soi khoang nhu: Bo; C; SiC... 

- Compozit nln gom: n&n la cac loai vat lieu gd'm, cdt co th4 la soi hoac hat kim loai 
hoac cung co lh£ la hat gd'm. 

10.2. VAT LI$U VA THANH PHAN CUA COMPOZIT 
10.2.1. Vat lieu nen 

Nen compozit c6 hai churc n£ng: thif nhat nen phai giQ cac soi d dung vi tri cua no, 
lam thay ddi va truy4n tfng su£t tai trong den pha tang cucmg. Trong da s 6 cac trudng hop 
ddi vdi compozit soi, vat li6u nen phai c6 do gian dai lorn hon do gian d&i cua soi, c6 nghla 
la, n4n phai bien dang nhi4u hon trudc khi bj pha huy va nen khong bi co ngot trong qua 
trinh chd tao. Chuc nang thvt hai cua nen la bao ve be mat cua pha tang cudng. Nhi4u loai 
pha tang cucmg co xu hucmg trcr nen gion cho nen nen phai bao ve soi khoi bi mai mon va 
cao xudc. N4n cung co tac dung bao ve cdt khoi bi an mon va oxy hoa. Trong trudng hop 
nay, nhi6u loai soi vdi nhtfng tfnh chat tuy6t vdi, thi du soi graphit, co the duoc dung trong 
cac mdi trudng oxy hoa vi nhiet dd tang dan nhd co tac dung bao ve cua nen. 

Phin ldn compozit soi d4u goi ten theo nen cau tao. Cac loai compozit nen kim loai, 
nen gd'm, nen polyme d4u co cau true hoan loan khac nhau va llnh vuc su dung cung hoan 
toan khac nhau. Thdng thudng, nhiet dd la thong sd quan trong, quydt dinh viec su dung loai 
vat lieu nen nao se duoc su dung. 

Da s 6 cac compozit kdt cau deu co nen tuong ddi mem nhu cha'l deo nhiet cung 
polyeste, nhua phenol, nhua epoxy va ddi khi con phai noi den compozit n4n nhua. Da sd 
compozit soi - n4n duoc goi ten theo loai nin co lien quan. Compozit nen kim loai, compozit 
nen gom va compozit nen polyme co cau true khac nhau hoan toan va duoc sir dung cung 
hoan toan khac nhau. Nhiet dd la thong sd quan trong d4 chi ra loai vat lieu nen nao can 
duoc su dung. Nhiet dd lam viec ldn nhat ma mdi loai vat lieu co the’ chiu duoc, thf du, n4n 
polyme: 400°C; nen kim loai: 1000°C va nen gom: 1300°C. 

Ph^n ldn compozit n4n polyme bao gom n4n tuong ddi mem, thf du, polyeste deo, 
phenolic hoac epoxy, ddi khi lai duoc nhk den nhu la compozit nen nhua. Hien nay dang sir 
dung nhieu loai nhua de lam n4n compozit nhung nhiet do lam viec cua nhua noi chung kha 
thap, khdng vuot qua 300°C. 
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Nhua dung trong compozit la loai nhua phai thoa man cac y£u cau sau day: 

- Bie'n dang duoc; 

- Tuong thich va tha'm phu hoan toan len chat dOn, cha't tang cudng; 

- Co ca'u true mang khOng gian sau d6ng ran; 

- Cd chtia cac nhom hoat dpng hay c£c nhom phan cue. 

Hipn nay thudng dung hai loai nhua polyme, nhua nhiet deo va nhua nhiet cting. Nhua 
nhiet deo la loai nhua khi dong ran phai co cha't xuc t£c hoac nhiet, c6 the tao hinh duoc 
nhieu \in nhd s£y nong va lam ngupi lien tuc. Nhua nhiet deo cd lh£ su dung lai (tai sinh) 
duoc. Nhua nhiet ctfng chi cho phdp tao hinh mpt lan, khOng the na'u chay hoac can ep 13n 
thtf hai. Nhua nhiet curng co co tmh va dp chiu nhiet cao hon nhua nhiet deo. 

a. Nhua phenolformaldehyt 

Day la loai nhua each dien tdt, kh6ng chiu tac dpng cua vi khu&i, bin vdi axit, ki£m. 
Nhiet dp lam viec cd the len de'n 200 + 250°C. Trong mdi trucmg khO, do chiu mai m6n cua 
nhua tot tuong duong v6i Al, Cu. Nhua phenolformaldehyt co uu diem la do 6n dinh kich 
thude cao, chiu nhiet va cho'ng tir bie'n tot, do b£n co hoc cao, gia thanh ha. 

Nhupc diem cua nhua nay la dp ben va dap th£p, co ngot nhi£u, can ap luc de tao hinh 
va khOng dung cho cac thi£t bj thuc pham do cd chua cac dpc 1 6. 

Vi each che' tao, nhua phenolformaldehyt la san ph^m trung ngung cua phenol va 
formaldehyt, san ph^m tao ra la loai nhua nhiet ran hay nhiet deo con phu thupc vao: 

- Ty le phenol / formaldehyt; 

- Nhiet dO; 

- Moi trudng va cha't xuc tac. 

Quy trinh che' tao nhua nhu sau 


Phenol + formaldehyt 


Axit du phenol 

_J_ 


Nhua Novolak 


Nhiet + xuc tac 

I 


Rezit 


\ 

Baza du formaldehyt 

_i_ 


Nhua Rezol 

Nhiet axit Axit 
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Nhua novolak khdng chtia nhom mgtynol n£n khdng c6 kha nang tham gia phan ting 
ti£p theo n£u khOng c6 chat xtic tac. Chat xuc tac thudng dung la axit hoac urotropin 
(CH 2 ) 6 N 4 . 

C6 th£ hinh dung phan ting trung hap nhua xay ra nhu sau: 


OH OH 






Phan ting cti tifip tuc theo cic phucmg trlnh tr6n cho den khi toan b6 cac phan tiLtham 
gia phan ting v& san ph^m tao thanh co mach khGng gian vk c£c lien ke't k£p. 

b. Nhua epoxy 

Nhua nky c6 tinh chat ca hoc cao n£n duac sir dung r6ng rai trong c6ng nghifp hang 
khfing. M6i trong dac tinh n6i bat cua nhua nay la tham tha'u vao sai vai rat tdt, di'nh bam 
vtii sai kim loai cung rat t6t. Nhuac diem cua nhua epoxy la thbi gian dong ran keo dai, gia 
thanh cao, d£ bi ntit do gion. 

c . Nhua polyeste 

La loai nhua duac su dung tti lau d£ ch£ tao vat lieu compozit. Nhua polyeste co uu 
diem cting, tham th£u t6't, 6n dinh kich thudc, chdng an mon tdt, gia thanh ha nhung de bi 
ntit, co nhi£u, d£ bat lira va chju nhiet kem (chi chiu duac khoang 120°C). 

d. Cdc loai nhua khac 

Nhu nhua furan thudng dung cho tfng, b£ chtia nude, thung ldn. Nhua amin c6 thd 
dung trong c6ng nghifip thuc ph£m. Nhua polyimit, nhua polystyryl pyridin dung trong edng 
nghiep hang khdng. 

Trong compozit n6n kim loai, nguyen t6 su dung lam n£n compozit thudng la hap kim 
nhOm, titan, magie, sat va niken. Nhting hap kim cua nh6m, titan va magie duac su dung 
m6t each r6ng rai vi chung c6 tinh ch^ft ca hoc cao d6ng theti ty trong lai kha nho. 

V4t lieu n6n cho compozit g6m co bdn loai: g6'm thuy tinh (aluminosilicat liti); g6m 
oxyt (oxyt nh6m) va mulit; gtfm nitrit (SiN); va g6m cacbit (SiC). Ky thuat che bien dung 
cho compozit nen gtfm co th£ r&'t d6c va dat tien, thf du nhu phuong phap tham hai hoa hoc 
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hoac thdng qua hoa luyen cac ti6n chafi polyme. Nhiet dd lam viec ldn nh£t cua compozit 
nln g<5m \i, mat ly thuy£t cao hern ra't nhilu so v6i compozit nin polyme, c6 ihl dat trdn 
1800°C mac du nhiet dd sir dung thuc tha'p hem nhiSu do c6 hien tuong bi£n dang bo. 


Bang 10.1. Tmh chat cua mdt sd' kim loai lam ndn compozit 



10.2.2. Vat lieu tang circmg (hay con goi la cot) 

a. Cd't dang soi 

Hlnh 10.2 da chi ra, co hai loai compozit cd't soi: loai co pha tang cucmg la soi lien tuc 
va loai c6 pha tang cuong la nhtfng doan sqi khdng lien tuc. Compozit cd't soi lien tuc duqc 
ch£ tao lir nhtfng soi thd (nhtfng bo sqi da duqc ben lai vdi nhau) da det thanh nhOng ta'm hai 
chieu tuong tu nhu ta'm vai. Nhung ta'm vai nay co the’ dem di cat hoSc tao hlnh thanh nhOng 
mi^ng co hinh dang theo ydu c£u de’ sau do ket hop lai trong nin compozit ma tidu bilu ia 
nhua nhiet iin epoxy. Sqi polyme, sqi gtfm, sqi kim loai c6 thanh ph£n dac biet cd the’ san 
xua't theo kiin lien tuc va thude tfnh cua compozit khdng chi phu thude vao loai sqi va nin 
da dung ma con phu thude vao ky thuat tao hinh ra san pham do. 


Compozit 



Co hang 16'i Ngau nhien 
Hinh 103 . Cac ki^u vat lieu tang cucmg. 
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Compozit sqi khOng lien tuc duoc sir dung rift rOng rai va c6 mOt stf nguyen tSc cd ban 
co anh hudng de'n thuOc tmh chung cua no. Co bd'n nhan 1 6 chlnh gop pMn vao mdc d6 tem 
vific cua sqi trong compozit sqi khdng lien tuc. Thu nhat la hudng cua sqi. Co mOt vai kieu 
dinh hudng cua sai trong n£n. Sai dinh hudng mOt chieu la kieu soi nam doc theo mOt true 
chfnh. Ki&i nay tao cho compozit co co tfnh cue dai theo hudng cua sai nhimg lai gay ra 
tmh di hudng cua compozit, tiic la, cac thude tinh ca hoc va vat ly la khong gid'ng nhau theo 
c£c hudng. Pha tang cudng dang t£m la nhtfng soi dinh hudng hai chi£u va thudng la t£m vai 
det. Tam vai d day thudng la soi thuy tinh det thanh tarn. Pha tang cudng dang ba chiSu la su 
dinh hudng nglu nhien ciia sai trong nln. Su dinh hudng nglu nhien nay lam cho compozit 
co tmh dang hudng, cac thude tinh cua compozit la nhu nhau theo ta't ca moi hudng nhung 
gia tri tang b£n thudng la giam so vdi sai duac dinh hudng. Y£u t6 thvc hai anh hudng d£n 
qua trinh compozit sai la chieu dli sai. Day la y£u to' anh hudng chfnh de'n mdc do khd de 
khi che tao compozit. Sai qua dai se se r£t khd ch£ tao va co the gay ra tinh khOng dong nhat 
v£ tmh chat ca hoc cho compozit. Thit ba la hinh dang hinh hoc cua sai. Sai duac dinh 
nghla la nhOng ph£n tif co chi$u dai ldn tren 100 pm va dai ga'p 10 lSn dudng kmhrffinh 
dang hinh hoc cua no co the’ la hinh tru hoac tang trd'ng. Thie't dien ngang cd thi la hinh 
tron, el ip, luc lang hoac hinh vanh khuyen (sai rOng). Y6u 1 6 cu6i chng anh hudng de'n qua 
trinh compozit la thanh ph£n cua compozit. Thanh phan hoa hoc co anh hudng den cac thude 
tinh ma dO bin la thuOc tmh quan trong nhat cua vat lieu. Ngudi ta it quan tarn den do ben 
noi chung cua soi ma quan tarn nhi£u den do b£n rieng, tuc la do b£n tinh cho 1 dan vj trong 
luang. DiSu nay cd nhieu y nghia dac biet quan trong trong viec tfng dung compozit d nganh 
hang khOng vu tru, nganh OtO, d dd viec ti£t kiem trong luqng la ydu ciu tdi thuqng. 

ThOng thudng sai duac gia cong cd dudng kinh vai pm. Co th£ sir dung true ti£p va 
cung co thi tet cac sai lai thanh sai to han hoac thanh mOt md de sir dung. Tir sai cung co 
th£ che tao thanh “mat” dung trong compozit. Mat gdm cac sai lien tuc hoac gian doan phan 
bd h6n loan trong mOt mat phang. Cac sqi duac giu: vdi nhau nhd chat lien ke't hoa tan hoac 
khOng hoa tan trong nhua. Tinh phan bd hdn loan cua cac soi lam cho mat co tinh dang 
hudng trong mat phang cua no. Mat sqi dai cd the chiu bien dang theo tat ca cac phuang nen 
duac sir dung nhieu trong due ap luc cac chi tie't cd hinh dang phtfc tap. 

+ Sai thuy tinh la vat lieu tang cudng phO thOng nhat vi no k£t hap mOt each tuyet vdi 
cac tmh cha't ca hoc, tmh cha't dien mOi tmh On djnh nhiet va dac biet la gia thanh kha thap. 
Cd nam loai scri thuy tinh thuang pham dang luu hanh tren thi trudng. Chung khac nhau ca 
ban v6 thanh ph£n cac loai oxyt ca'u tao nen thuy tinh, nhu Si0 2 ; Al 2 0^; Fe 2 03 ; Z0 2 .. 
ThOng thudng sai thuy tinh cd th^ chju dung duac nhiet do khoang 1200 * 1250°C. 

+ Sai cac bon la loai sqi chiu va dap nhiet ra't tot va co ben rieng rat cao. Cd hai loai 
sqi cacbon, sqi cac bon tren ca sd PAN va sqi cacbon tr6n co sd d£u hac in. Sqi cacbon tren 
ca sd PAN duac che tao bang each nhiet phan polyacrylonytril (PAN) nhu mO ta tren hinh 
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10.4 diidi d^y. PAN dugc polyme hoa va sgi dugc keo ra tCr vat lieu da polyme hoa nay. Sgi 
PAN sail do dugc dem di nhi£t phan d£ khir hydro va hinh thanh c£u true vong benzen. Sgi 
tren co so hac m cung dugc san xua't bang m6t qua trinh nhiet phan tuong tu tir nhtfng sgi 
tien cha't (precursor) ma trong truemg hgp nay chmh la d£u hdc m. Ddu hdc m thuc chat la 
loai vat lieu tinh the dang long ma hay goi la ddu trung gian bao gom h6n hgp phire tap cua 
hang ngan doan hydrocacbon va cac phan tir khac vong. D6 Id nhflng san pham con du lai 
cua nguyen edng tinh luyen ddu mo. Sgi nay c6 tinh chat ra't uu viet, do b£n keo 2000 - 5 - 
5000 MPa, modun dan h6i 300 -5- 600 GPa, do chiu nhiet cue cao, khoang 1500°C. Day la 
loai sgi dugc dung trong chi tiet ket cau, dla phanh, chi tiet chiu nhiet... 


c^ N c #l 


CH ^CH / 
''CHz "CH 2 


\ .N. ✓ 

Nr 


CH X CH ,CH 

^ CH2 ch 2 



Hinh 10.4. Nhiet phan nhua polyacrylonitryl de che tao sgi cacbon. 

+ Sgi polyamit, thi du sgi kevlar, la loai sgi co tinh chat co hoc ri4n rat tuyet v6i va 
dimg 6 noi co tinh deo dai cao nhu day thtrng, vai chong dan. Vat lieu nay co tinh chat co 
hoc xap xi vefi sgi cacbon, gia thanh lai re hon. Nhirgc diem cua sgi nay la lien ket vdi nhua 
khong tot lam cho dd b6n nen, u6'n doc kha tha'p, nhay cam vdi bien dang cdt giOa cac 16p. 
Thucmg dung trong cac chi tiet chiu phong xa, chiu nhiet, dung cu th£ thao... 

+ Sgi gom: Sgi gdm th^ hien tinh chju nhiet tot hon sgi thuy tinh va thich hgp lam vat 
li£u tang cucmg trong compozit ket cau nhiet do cao. Co nhieu loai sgi gom oxyt thuong 
pham san co nhu: cac loai sgi chiu nhiet nhu Bo, sgi B 4 C, sgi SiC, sgi Si 3 N 4 . Viec san xudt 
cac loai sgi nay rat doc hai, thi du, sgi Si 3 N 4 dugc san xua't tir cac tien chat polyme nhu 
polysilazane (Si-N), polycacbosilan (Si-CH 2 ): sgi oxyt don A1 2 0 3 , Zr0 2 . Ngay nay da san xu^t 
nhieu loai sgi gom khac co nhurng tinh chat rat uu viet nhu sgi SiNC (cacbua nitrit silic), SiTiC 
(cacbua trtanit silic), Al 2 0 3 Si0 2 (aluminosilicat hay), Al 2 0 3 Si0 2 B 2 0 3 (borosilicoaluminat). 

+ Cac loai sgi khac: 

- Sgi tdng hgp 6n dinh nhiet, nhu sgi Kermel, sgi Normex, sgi Kynol. sgi Apyeil; 

- Sgi gdc thuc vat nhu sgi g6, dtfa, gai, day; 

- Sgi goc khoang vat nhu sgi amiang, sgi silic; 
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- Soi ting hop nhu soi polyeste, soi polyamit; 

- Soi kim loai nhu soi ding, soi nhOm, soi sit. 

b. Cot dang vdi 

Soi dem det thanh vai. Trong cdng nghe det c6 hai khai niem: 

- Phuong co ban hay con goi li phuong doc. Tap hop tit ca cac soi song song phan b<5 
doc theo chi4u dii cua tim vai. 

- Phuong ngang. Tit ca cac soi bit ngang qua spi doc. 

Tuy theo cich sip xip giGa spi doc vi spi ngang ma co cac loai vai khac nhau, thf du 
nhic m6t de m6t hoac nhic hai di bin... Ngoai Loai vai thong thuPng ma la thuPng gip nhu 
lua iron, satanh, van cheo... trong c6ng nghiep con co loai vai modun cao. Ciu tao cua vai 
nay, hai IPp spi dat ching len nhau ma kh6ng cin bit cheo cac spi theo bat ky kiiu nao, 
nhung chung dupe giu lai vdi nhau thanh ta'm nhP cac spi khac nho min hon, cac spi nho 
min nay thuc chit khing tham gia vio viec cai thien co tinh cua vai. Vi spi doc va spi ngang 
khOng bit ch£o nhau nan khing co hieu img cat giGa chung, vai co co tinh cao nhung gia 
thanh dit. 

c. Cot dang hat 

Compozit hat bao gim nhi£u loai vat lieu, tir ximang tang cung bing ti hop cac loai 
da cho den h6n hop cac hat gim trong nen kim loai, goi la vat lieu co kim. Tuy nhien, trong 
tit ca cac truPng hop, compozit hat co chura cot hat co kfch thude d£u nhau vi moi phuong 
(gin giing hinh cau) va tit ca cac pha trong compozit deu phai chiu mit phan tai trong tac 
dung. Ty la ciu tir hat trong truPng hop nay chiim tir vai phin tram din 70%. Mit loai 
compozit hat rat quan trong do li hop kim biin cGng bang pha phan tan. Compozit nay bao 
gdm nhung hat cdng phan tin tren nin kim loai mem. Thanh phin hat it khi vupt qua 3% 
theo thi tich, cac hat co kich thuPc rit nho, nho hon pm. Dac tinh cua hat khing chi cac 
thuic tinh cua hop kim vi khoang each giGa cac hat khoang 0,2 * 0,3 pm se dam bao cho 
hop kim c6 tinh chit tuyfit vPi. Thing thuPng hay sir dung cac loai oxyt chiu nhiet va cac 
hop chit phi kim, thf du, AlFe 3 cung dupe dung trong compozit. Compozit biin cumg bang 
pha phan tan co the chi tao bang nhiiu each. Thf du, oxy hoa cac bit kim loai sieu min, 
hole cic hat oxyt kim loai bi dim trong n£n kim loai. NhGng kim loai co tim quan trong vi 
mat thuong mai di chi tao compozit biin cung bang hat phan tan la nhim, niken vi 
vonfram. 

Vat lieu co kim (cermet) la compozit hat, tuong tu nhu hop kim biin cGng bang pha 
phan tan nhung lai co nhung hat gim (cer-) lPn hon duoc dim trong nSn kim loai (-met). Cac 
hat chiu nhiet co the l&n cac loai oxyt nhu A1 2 0}; MgO; Th0 2 hoac cac loai cacbit nhu TiC; 
WC; Cr 3 C 2 . Vat lieu co kim duoc chi tao bang phuong phap luyen kim bit truyin thing, tuy 


234 



v&y, ddi khi phai cho th£m vat lieu dmh kit de tang cudng su dmh kit gifla hat gdm va kim 
loai nin. 

Cu6i cung la nhung compozit chit dfnh nhira hole chat dmh kim loai cung dupe coi la 
compozit hat. Compozit chat dmh kim loai bao g6m cac chi tilt ket clu, chi tid't tilp dilm 
dien, dung cu cat va vat lieu tir va duoc chi tao tir nhung hat kim loai hole hat gdm nhu WC; 
TiC, W hoac Mo phan b<5 trong nin kim loai bang phuong phlp luyen kim bat truyln thdng 
hoac bang phuong phap due. Compozit chit dfnh nhua duoc tao thanh tir nhflng hat nhu bat 
silica, bdt gd, bat mica hoac bi thuy tinh duoc phan bd dlu trong nin nhua phenol- 
formaldehyt, epoxy, polyeste... 

Ngucfi ta co thl dung hat de lam vat lieu tang cucfng trong compozit. Hat nay co thl la 
hat hinh clu hoac kh6ng clu. Hat hinh clu hay con goi la vi bi co tac dung tranh duoc tap 
trung flng suat, lam giam do nhay cam cua nhua vdi vet nut. Vi bi co thl dac, co the ring, 
dudng kmh khoang 10 150 pm. Vi bi chi tao tir thuy tinh, cacbon, nhira phenol..., Vi bi 

r6ng lam tang modun rieng cua nhua, tang kha nang chiu nen cua compozit. Loai hat khong 
cau thuemg la mica dang vay. Mica duoc trdn vdi nhua dl che' tao cac thie't bi dien, dien tir. 

10.2.3. Vimg chuyen tiep trong compozit 

Viing trung gian la viing tiep xuc gifla cot va nin va no thudng la yeu 1 6 co tinh quylt 
dinh den cac trinh chat co hoc va cac thude ti'nh khac nfla cua compozit. Viing trung gian 
chmh la noi chuyen tai trong tir nin sang cot nen tac dong dau tiln cua no chinh la tac dang 
den dd ben. Co nhieu ylu 1 6 tac dong de'n thanh phln va the tfch cua viing chuyln tiep. Dau 
tien chinh la tinh thlm udt, tuc la pha nin a trang thli long phai de dang thlm uot pha tang 
cubng trude khi dong ran. Tinh tha'm udt duoc danh gia th6ng qua goc tha'm udt ma da hang 
quan biet trong cac sach giao khoa. Trong c6ng nghe vat lieu compozit, ngudi ta ludn mong 
mudn goc tham udt gifla nen va cdt cang nho cang tdt de cho su tuong tac giua nin va cdt 
xay ra thuan loi. Nhung thuc te' khdng phai liic nao cung co lien ke't nin - cdt ly tuong do 
ban chat hoa ly ciia cac vat lieu rift khac nhau. Trong trudng hop nay, c in phai them chat 
tha'm udt de cai thiln kha nang tha'm udt cdt - nin. Yeu to quan trong khac quye't dinh viec 
hinh thanh vimg trung gian la kha nang tuong tac gifla cac phln tir trong compozit thong qua 
cac phan flng hoa hoc true tilp hoac thdng qua qua trinh khuech tan lau dai tir pha nay sang 
pha khac. 

Mac dii ngudi ta nhan manh sir tuong tac thich hop giua nen - cd't va sir hinh thanh cac 
hop chat gifla chung, nhung gifla cac pha co ban co su tuong tac tuong ddi yin lai la thuAn 
loi trong mot vai trudng hop dac biet. Dilu nay rat hien thuc trong compozit gdm - gdm vi 
trong do ca hai pha dlu rift gion, chi co each chuyen mat chut tinh deo cho compozit la chap 
nhan duoc dl pha trung gian yeu din di mdt each nhe nhang, co nghia la, clc soi duoc dich 
chuyen khoi nin theo mot each da dupe dieu khien va tuong doi linh ddng. 
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10.2.4. Cac chat phu gia 

La nhung vat lieu nhim cai thien m6t s 6 tmh chat cua compozit nhu: 

- Tfnh dan dien, dan nhiet: thudng dung bpt, spi hoac vay kim loai nhu Fe, Cu, Al... 
hoac vi bi tr£ng kim loai. 

- B6i tron khi dd khudn. 

- Tao mau. 

- Chtfng co ngot. 


10.3. TINH CHAT b£n CUA COMPOZIT 

dcm gian hod bai toan, dung mau compozit spi m6t chieu phan b 6 song song vdri 
chi6u luc tac dung va su Ii6n k£l ndn - c6t da hoan hao. Qua trinh bi£n dang cua compozit 
theo dinh luat Hooke: 




Su 

S,2 

0 



s 

= 
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s 22 

0 

X 
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Yxy 
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T xy 
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Y xy 

E, 


yx 


Trong d6: E x - modun dan h6i cua compozit theo phuong spi cO't; E y - modun dan h6i 
cua compozit theo phucmg vuOng gdc vori spi ctft; G xy - modun trupt theo he true xy; v xy - he 
s 6 Poisson theo chieu Ox (song song v6i c6t spi); v xy - he so Poisson theo chi^u Oy. 

Phan tfch co tmh vi mO moi lien he giua luc P t<tc dung len c6t va nen: 

pK = p N + p S ( 10 - 2 ) 


Trong d6 cac chi s6: K - compozit; N - ndn; S - spi. 

Gia thidt spi dai lien tuc va lien k£t ndn/edt la ly tuang ta co: 

CT b “ °b-V S = (1 - V s ) 

E k = E s .V s +E n ( 1-V s ) (10-3) 

P s E S V S 
P N e n v n 

Tit bi£u thuc (10-3) cho thay, dd n&ng cao hieu qua su dung spi c6t cin dam bao E s 
phai 1cm hon E N va ty 16 phein tram th£ tich cot spi V s phai thoa man sao cho P 5 1cm nhat co 
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lh£ duac. Gia tri V s c6 the dat gia tri cue dai 0,91 trong trudng hap sai cdt co dang tru. Khi 
V s nho hon gia tri tren tire la da xual hien 16 hdng giua nen va cdt, d6 ben cua compozit 
giam nhieu. 


Ki'ch thude hinh hoc cua sai (chi6u dai / va dudng ki'nh d) cung co anh hudng manh 
den hieu qua hoa ben cua no trong compozit. Thuc nghiem da chtrng to rang, khi co quan hd: 


/ /th _Sma\ 

- - <«i O b 


>15— = 


l S d s 2x 


(10-4) 


thi sqi cdt phat huy r&'t tdt vai tro hoa ben frong nin. 


Trong do: x - gidi han ben cat tr£n bien gidi nen / cot. 

Tu (10-4) cho tha'y rang, khi khong d6i, tfng su&t i cang ldn khi dd dai tdi han /<; h 

cang nho. Di£u nay cho thay tam quan trong cua yeu to cong nghe dam bao de nang cao do 
ben lien k£t nen / ctft. 


10.4. COMPOZIT n£n NHUA 

Cac loai nhua nhu epoxy, phenolformaldehyt, polyeste... deu co tmh tham udt tO't doi 
vdi vat lieu tang cudng dang huu ca, bai vay cOng doan tr6n nhua vdi cot rat thuan Icri va 
dan gian. Rieng doi vdi cdt la vat lidu vo ca, thi du nhu cac loai sai goin, co tfnh tham udt 
rat kem n£n trude khi iron phai co cong doan boc hoac tham nen len tren c6t. 

Doi vdi cot dang vai, co nhi£u each de che tao ban thanh pham. Thi du, nhung ta'm vai 
vao thung nhua rdi xep thanh timg lap va tien hanh ep, hoac trai lung ldp vai vao long khudn 
r6i phun hoac quet nhua, lai trai vai, lai quel nhua... Lap lai quy trinh nhu vay cho den khi 
dat chi6u day yeu cau. 

Ddi vdi compozit nen nhua co mOt s6 phtrong phap tao hinh san pham nhu sau. 

a. Due ly tam (hinh 10.5) 

Do chat tang cudng va h6n hap nhua len tren b6 mat cua khuon ly tam dang quay 
vdi toe do cao. Mang do vat lifcu co the dich chuyen qua lai de lam ddng d£u cac hat vat 
lidu. Luc ly tam vCra lam cho cac hat lidn ket vdi nhau, vira lam thoat am cho vat lieu. Thdi 
khong khi nong vao b6 mat 66 thiic day qua trinh dong ran cua nhua va ng&n ngua nhua 
chay tham thau. 

b. Ep nguoi (hinh 10.6) 

Cat nho chat tang cudng roi dd vao khuon. Tiep theo dd nhua dong ran nguoi vao va 
tien hanh ep. Trong qua trinh ep, nhua se thay th£ chd cua khong khi va tam tham vao xung 
quanh vat lieu tang cudng. Nhi£t luong toa ra trong qua trinh ddng rdn cung vdi nang luang 
cua ap luc se la tac nh&n lam cho nhua ddng ran. 
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Hinh 10.5. Due ly t&m. Hinh 10.6. Ep ngu6i. 


c. Due phun (hinh 10.7) 

Dat cac ldfp vai gitfa hai nua khu6n roi ep dun nhira vao giua cac lap do. Nhira se tham 
vao c6t vai. Ty le vat lifeu ctft co the cao n&n chi tifit co ccf tfnh cao. Phuang phap nay dung 
di che tao chi tiet co hinh dang phire tap. 

Nhira + chat 



Hinh 10.7. Due phun. Hinh 10.8. Due keo dinh hinh. 

d. Due keo dinh hinh (hinh 10.8) 

Soi hoac b£n thanh pham da tam nhua dupe keo qua hang loat khudn co hinh dang 
khac nhau di tao hinh. Khu6n cuoi cung c6 16 hinh chfnh xac va dupe nung nong d£ dong 
ran nhua. Hinh dang cua san ph^m phu thuoc vao hinh dang 16 hinh cua khuon. Co thS dit 
san ph£m thanh timg doan hoac keo dai hoac cuon lai theo tang tr6'ng. 

e. Due Ian tay (hinh 10.9) 

Phu m6t lefp mang mong l6n trdn be mat khu6n. Rai len do mpt lorp c6't sgi, dung ch6i 
son hoac ch6i lan ph£t len ldp c6t do mot 16p nen, roi lai rai mot 16p c6't soi, cu lam nhu v&y 
theo timg 16p mpt cho den khi dat chi£u day y£u cau thi dung lai. 
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Phu 

True lan nhua Rai c6't 



Cu6n 



Hinh 10.9. Due lan tay. Ilinh 10.10. Due ban d6ng thefi. 

f. Due ban dong th&i (hinh 10.10) 

Soi duoc cat vun va phun len be mat khuon d6ng thefi v6i nhira, dung con lan cha l£n 
be mat vira duoc phun, tao dd nhan va d6ng d6u chieu day cua chi ti£t. Phuong phap nay 
khdng the dung soi dai duoc nen chat luong chi tiet khdng cao. 

g. Due chan khong va tiii dp luc 

Trude h£'t tao ldp lot, rai c6't vai r6i d6 nhira len tren. Hut chan khdng hoac dua khf 
nen vao tui. Ap suat tdc dong len mang deo, mang deo de sat len b4 mat san pham lam cho 
nhua trai deu va day kh6ng khf ra khoi nhua. 


Bom 



a) Tui chan khong 
ap lire 


Bom 

Nhira + thuy tinh 
Vo de thao 
Khudn 



Nhira + thuy tinh 
Khu6n 
Vo de thao 
Day nung 


b) Tui ap luc 


Hinh 10.11. a- Due hut chan khdng; 
b- Due tui ap luc. 



Khu chat, 
dfnh va 
thieu ke't 




Day nung 


Hinh 10.12. Due ep dun. 


h. Due ep dim (hinh 10.12) 

Vat lieu cot va hat nhua hoac mat da tarn tham duoc dim vao khuOn da nung nong qua 
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h$ thPng xilanh true vit. Cung c6 the dung nhua dang long va phun vao khuon nong nhcf ap 
lire cao. Phuong phap nay co nang sua't cao va dung ph6 biPn cho nhua nhiet deo. 

10.5. COMPOZIT N^N KIM LOAI 

Trong vat lieu 1 6 hop nen kim loai, thudng dung nhi4u trong ky thuat la vat li£u to hop 
n4n kim loai mau do nhung tinh chat uu viet ma cac kim loai den khong co dupe, thi du nhu: 
nhe, ben a nhiet dp cao, chiu mai mon tot... nhung c6ng nghe che tao lai dcfn gian hon. 
Trong giao trinh nay chi trinh bay mot vai loai v4i lifu to hap nen kim loai dien hinh nhu 
nen nhom, nen dong. 

10.5.1. Compozit nen nhom cot hat 

Nhom la kim loai nhe va co nhiet dp nong chay khong cao, PPO^C. Nhom va hap kim 
cua n6 da va dang tro thanh vat lieu nen co nhiiu tri^n vong de che tao cac chi ti£'t compozit 
ket ca'u nhe nhung co dp bin rieng cao, dac biet trong nganh hang khong, vu tru. Co nhi£u 
edng trinh cong bo ve ket qua nghien ctfu cac compozit nen nhom cot hat nhu Si0 2 , SiC, 
BN... Nhung trong ky thuat dang sir dung rong rai compozit nen nhom cot hat A1 2 0 3 . 
Compozit loai nay con co ten la SAP. 

a. Compozit nen nhom cot hat Al 2 0 3 

Nguyen ly che tao loai vat lieu nay la ep bpt nhOm da oxy hoa mot phan di tao hinh, 
sau do dem thi£u kPt 6 nhiet do xac dinh. De tao cac vat lieu thanh phan, dem nghien nhOm 
thanh hat bpt co dang vay, chieu day xap xi 1 pm r6i lien hanh oxy hoa dd co lefp mang 
A1 2 0^ bao boc b£n ngoai hat vdi chieu day co 0,01 - 0,1 pm. Td chuc cuoi cimg cua SAP la 
cac hat A1 2 0^ nho min phan b6 deu trfcn nen nhom. Tang ham lupng A\ 2 0 3 se lam tang do 
b6n ft ca nhiet dp thuftng va ca ft nhiet dp cao, tang dp cimg nhung dp deo lai giam di. 


Bang 10.2. Thanh phXn va tinh chat cua vat lieu SAP 


Vat lieu 

ai 2 o 3 , 

% 

MPa 

1 ObApg)* 
km 

Q 0.2’ 

MPa 

5, 

% 

E, 

GPa 

E/(pg)> 

.10^ km 

SAP-1 

6-8 

300 

11 

220 

7 

67 

2,1 

SAP-2 

9-12 

350 

13 

280 

5 

71 

2,6 



400 

15 

320 

3 

-, 

76 

2,8 

SAP-4 

oo 

•1* 

N) 

450 

17 

370 

1,5 


2,9 


Vat lieu SAP co the chiu dupe gia cong bie'n dang, gia cong cat got va han. Til vat lieu 
nay, dem che' tao cac ban thanh pham dang tam, dang ong, phoi dap va cac chi tiet lam viec 
6 nhiet dp khoang 300 - 500°C nhung doi hoi do ben rieng 1cm, on dinh chftng an mon cao, 
thf du, piston, canh may nen, canh tuabin, cac binh ngung... 
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b. Compozit nen nhom cot hat (SiC, NB, TiC) 

Hat SiC rdt kho phan bd d£u trong hap kim nh6m long do sir khac bi£t vd ty trong vk 
sire cang bd mat giflra hai loai vat lieu tren. Phuong phap truydn thdng dd dua hat SiC vao 
nhdm long la khua'y trdn ca hoc trong thefi gian 4-^5 gid. Thidt bj khua'y la may ep truc.vft 
hoac may khua'y c6 canh khua'y vira co tac dung khua'y vira co tac dung tao xoay trong bd 
kim loai. 

Phuong phap thu hai de dua hat SiC vao nhdm long la dung each tha'm hoac boc mdt 
ldp nhdm mong len tren cac hat SiC bang edng nghe bde hai chan kh6ng hoac c6ng nghe 
tham. Cac hat SiC sau khi da dupe boc se dupe na'u luy£n ciing vdi vat li£u ndn de che tao 
thanh cac chi tiet. 

1D.5.2. Compozit nen nhom cot spi 

Cha't luemg cua compozit hoan toan phu thude vao tfnh cha't lien ke't giQa vat lieu ndn 
va cdt soi. Dd dam bao duac dd ben li6n k6't nay, thudng su dung cac qua trinh sau day: 

- Qua trinh pha ran. Dung phuong phap han khuech tan dudi ap luc, han nd hoac gia 
cong ap luc, ep va sau do la thieu ke't. 

- Qua trinh pha long. Thuc cha't day la qua trinh lam cdt. Trudc khi tam, cac soi cdt 
dupe sap xep theo mdt trat tu da thidt kd tir trude. Qua trinh tarn cdt co thd tidn hanh dudi ap 
luc, trong chan khong hoac phdi hap ca hai. 

- Qua trinh pha khi. Tao mot ldp mong phii len soi cdt de tranh su pha huy cdt khi ndn 
va cdt tuang tac vdi nhau. Qua trinh nay co nang sudt thtfp ndn vide sir dung bi han chd. 

- Qua trinh boc hoi hoac ngung tu chan khong. Sir dung plasma trong cong nghe PVD 
dd hinh thanh mdt ldp phu ma ben chac len tren spi cdt. 

- Qua trinh dien hoa. Nguyen ly cua phuong phap nay chi'nh la hien tuqng ma di£n, 
ttic la tao ra mdt qua trinh lang tu vat lieu nen tren soi cdt. Qua trinh xay ra d nhiet dd thtfp, 
khong co ap luc do v4y chat luqng lien kdt kha cao. 

- Qua trinh hoa hoc. Dung dd tao ra ldp phu tren soi cdt khdng dan dien tire la tao ra 
qua trinh hoan nguyen ion kim loai tren be mat sqi cdt. 

Trong ky thuat hien dang dung phd bien ba loai soi cho compozit nen nhdm, do la soi 
thep, spi bo va soi cacbon. 

Vdi spi thep thi cong nghe pho bien la can nong. Nhiet dd can, phuong can va muc do 
bien dang hoan toan phu thude vao vat lieu lam cdt spi. Phuong can cln chon sao cho khdng 
dupe gay hien tupng xo lcch spi hoac ddt spi cdt. Nhiet do can khoang 380 450°C tuy 

thude vao vat lieu spi. 

Khi che tao compozit spi bo can han chd d€'n mdc tdi thidu su tuang tac gida ndn va 
cdt. Mudn vay edn phai boc xung quanh spi bo bdi mot ldp mong nitrit bor hoac cacbua silic. 
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V6i soi cacbon thl cOng nghe che' tao phtfc tap hon nhi£u do 6 nhiet do cao, soi cacbon 
tac dung ra't manh vdi nen nh6m. Di khac phuc hien tirong tren, co th£ dung bien ph£p keo 
nhanh soi cacbon qua be’ nhOm long. Trong qua trinh ch£ tao, muc dO graphit hoa co anh 
huong rat manh de'n cac chi tieu co tmh cua vat lieu, nen do ben, mOdun dan h6i cua 
compozit n£n nhOm soi cacbon co gi£ tri dao dOng trong mOt khoang rOng. Thi du, vat lieu 
co (18 + 53)% the’ rich soi cacbon se c6 do bin tir 400 -s- 1000 MPa, modun dan h6i E = (116 
-s- 168).10 3 MPa. 



10.5.3. Compozit nen dong hat thep 

GiOa dOng va thep de hlnji 
thanh lien ke't ben nen loai vat lieu 
nay dang dirqc sir dung rOng rai trong 
llnh vuc vat lieu chiu mai mon. Chat 
luqng cua vat lieu phu thuOc vao lien 
ket c6't-nen va sir phan b6 dong deu 
cua vat lieu c6't tren nen trong khi 
trong luqng rieng cua d6ng va thep 
khac nhau kha lern. De dua cac hat 
thep vao nln d6ng co th£ dung 
phuong phap due huy£n phu hoac tao 
mfit bd “khung” treo lo lung cac hat 
thep trong khu6n r6i rot d6ng long c6 
nhiet d6 thi'ch hop vao khuOn sao cho cac hat bi thep kfiOng bj lang xuO'ng phi'a duoi cua 
khuOn. Chat luqng san pha’m phu thuOc vao: nhiet do va td'c do rot, vat lieu va chi4u day 
thanh khuon, khung giu cac vien bi thep trong khuon. 


Hinh 10.13. Bac do compozit nen d6ng- hat thep. 


10.6. COMPOZIT NfiN GOM 


10.6.1. Khai niem 

Vat lieu to hop n£n gO'm (Ceramic Matrix Compozit, CMC) da duqc nghien cuu va sir 
dung rOng rai nham khac phuc nhung nhuqc die’m cua vat lieu gom tir da nguyen khO'i, do \k 
tinh gion cO' huu va kha nang ung dung han che cua vat lieu da nguyen khO'i. Vat lieu t6 hop 
n6n gOm thuong dung de’ che tao c£c chi tie't lam viec trong mOi trucmg rat khac nghiet nhu: 
dOng co ten lira va dOng co phan luc; dOng co khi trong nha may nang luqng; vo each nhiet 
cua tau khOng gian; 10p lot d£u tien cua bu6ng phan ting na'u chay; pha'nh may bay, 16 nhiet 
luyen... Day la mOi truong lam viec co nhiet do rat cao nhung ra't kho lam nguOi bang cha't 
long thOng thuOng. Mat khac, khi thay the' cac sieu hop kirn bang vat lieu gO'm to hop con tie't 
kiem duqc kha nhieu trong luqng, di£u vO cung quan trong dO'i v6i nganh hang khOng vu tru. 
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Trong compozit n^n g<5m, vat lieu cd't c6 the la cot dang khong lien tuc ki^u hat, soi 
ngdn hoac lat vun. Cung co the diing cd't lien tuc dang sgi. Trong trucfng hop cot dan doan, 
viec tang do ben va do dai va dap chi co the tang d£h mdt gidi han nao do nhung van du de 
sir dung. Mot thi du compozit nen gom cd't sgi vun dung trong linh virc dung cu cat la 
compozit SiC/Si^N^ trong do SiC la pha tang cucfng con Si-,N 4 dong vai tro vat lieu nen. 

Compozit nen gom khong oxyt 

Khi xem xet cac loai sgi vi mat tron nhSn, dd b£n, tmh chiu nhiet va mat do thi sgi 
khong oxyt la loai sgi dirge sir dung rong rai hon ca, thi du sgi cacbon hay sgi SiC. Sgi 
cacbon co dac tinh la re ti4n hon cac loai sgi khac va no cung dirge sir dung de lam cdt trong 
compozit n£n polime. De tranh vA'n de lai tao lAn nhau thiremg xay ra manh liet a nhiet dd 
cao, cac sgi khOng oxyt nay dugc dim vao n6n khong oxyt. Din ti6n la compozit 
cacbon/cacbon dugc san xuat va dung trong dong co phan Iuc va lop vo phii cira phun nhien 
lieu. Do la nhung chi ti£t phai lam viec trong 6\in ken rA't ngat ngheo nhung tu6i tho lai rat 
ngdn. Tiep theo 1A compozit C/SiC va SiC/SiC dugc nghien ci'ru de nAng cao tinh chdng dxy 
hoa cua vat lieu va qua do la nang cao tudi tho ciia chi tiet trong moi trucfng dxy hoa. Nitrit 
silic cung dugc dung lam vat lieu nen trong compozit tuy rang, o nhiet do cao no kem on 
dinh hon so voi SiC. 

Compozit nen gom oxyt la su lua chon td't hon ca tren quan diem nhiet ddng hoc cua 
cac chi ti£t lam viec trong moi trucfng oxy hoa. Dang tie'e, cac soi oxyt mac du co tmh chiu 
nhiet kha t6t nhung khi lam vice 6 nhiet do cao, cac hat trong 1 6 chuc cua soi oxyt se Ion 
len, di^u nay lam cho do ben cua vat lieu giam di. 6 nhiet do cao, sgi oxyt con the hien co 
dd ben rao kha thap nhung lai co mAt dd 16n hon mAt do sgi cacbon. 

Cong nghe che tao compozit nen gom 

VA'n de quan trong trong edng nghe che' tao compozit nen gom la lam the' nao d£ tao 
lien ke't ben giua cot va nen va la the nao de phAn b6 deu pha tang cucfng tren nin gom boi vi 
ban chA't cua 2 cA'u tir cot va nen thuong rat khac nhau. VA'n de xu ly pha tang cucfng d£ tao 
ra lien ket cd't-n£n la vd cimg quan trong. Co hai each xu ly. 

a. Xfi ly bang pha khi 

Xu ly bang pha klu hay con goi la phuong phap thA'm hoi hoa hoc (Chemical Vapor 
Infiltration CVI). Noi dung cua phuong phap la, boc len pha tang cucfng mot Idp mong vAt 
lieu n£n bang phuong phap lAng dong tir mdt ti£n chat la pha khf, thi du hydrocacbon dd'i vdi 
vAt lieu cacbon hoac h6n hop metyltricloroxylan va khi hydro cho SiC. Viec boc sgi bang 
vAt lieu nen hoAc tuong tir ndn nhAm de khong che' lien ke't c6t - n£n va tAng cucfng dd b6n co 
hoc ciia compozit. Cac lefp vAt lieu nhu pyrocacbon (PyC), nitrit cacbon hoAc (PyC-SiC) va 
(BN-PyC) n v6i chieu day khoang 0,1 + 1,0 pm co cA'u true lorp tinh the (PyC. BN) hoAc cA'u 
true nhieu 16p, la nhfmg hgp chat lien ke't cot-nen thdng dung nhA't cho compozit nen g6m 
khdng oxyt. 
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Cdng gnhp CVI da trai qua nhiiu phien ban. Phifin ban dau tien va cung la ph6 biin 
nha't la CVI ding nhipt hoic ding ap. Qua trinh nay xay ra rit cham chap do qua trinh 
chuyen chit trong vat lieu xay ra chu yeu la co chi khuich tan va trong vat lieu vin con co 
16 xop va mat do khong dong diu. C6ng nghe nay thich hop cho viec chi tao cac chi tiet 
dang mong. Di lam tang toe dp ling dong va do do la giam th6i gian ciia qua trinh, c6 thi 
tac dung hoac la ap lire hoac la nhi£t do len tien chit va thim chi co thi nhung hin spi vao 
tiin cha't c6 chura nguy£n td' nin 6 trang thai long. 

b. Xi( ly bang pha long 

Soi da dupe boc lefp trung gian dupe nhung vao chit nin cf dang long. Trong c6ng 
nghe thim chit long hoat tfnh (Reactive Melt Infiltrration, RMI), nh6 co lire mao dan, soi 
dupe thim mpt pha long co phan ting vtii ca pha rin dung de hop nhit tien chit tao spi (nen 
SiC-Si hinh thanh bing each thim silic long cua tien chat tang bin nhar cacbon), va tac dung 
ca vdi moi truftng (nen A1 2 0 3 - A1 dupe hinh thanh nh6 tham nhom long va phan ting hoa 
hoc vdi moi trudng oxy hoa). Cong nghe nay co the ap dung de che tao cac chi tiit thanh 
day va tao ra vit lieu ft 16 x6p va din nhiet tot. 

c. Cong nghe hoa htyen vti tham poly me 

Soi dupe nhung vao tien chit cua nin dang polyme, co nghia la, mot loai nhua phan 
ling nhiet hoac hie in dung cho cacbon hoac polycacbonsilan dung cho SiC, r6i sau do 
compozit so chi nay se dupe nung len den nhiet do thich hop. Trong qua trinh xir ly, vit lieu 
bi co ngot do co hien tupng thoat khi. Hien tupng co ngot nay co the han che dupe bing 
each dung tiin chit dang chao nhuyen hoac dung phucmg phap ep nong voi dieu kien la nin 
phai du deo di khdng lam ton hai den spi. Phucng phap thim pha long ep nong co the dung 
de che tao compozit nen gdm thuy tinh. 

Mpt thi du ve viec che tao compozit nen gdm mullit pha tang cudng la spi saphia boc 

Zr0 2 . 

Co thi tom til nhu sau. Che tao vat lieu nin bing phan ling thieu ket h6n hpp 20% SiC 
va 80 %Si0 2 sau khi da tao hinh bing phuong phap due d6 du6i ap suit. Cu thi, trupc het 
tiin hanh 6xy hoa SiC 6 1250°C de tao tKanh cristobalit, sau do cho phan ting v6i Al^O^ 6 
nhiet dp 1550 () C di tao thanh mullit. Vat lieu thu dupe co dp co ngot nho trong qua trinh 
thieu ket va co the hinh thanh sir lien kit gitia cac spi tang cucmg ma kh6ng di lai cac vet 
nut do ung suit du. Dung thiet bi keo spi de boc Zr0 2 xung quanh spi saphia, d6ng thefi tao 
ra tien chit dang spi. Spi dupe keo qua mot be chtia Zr0 2 dang sol sau do di qua mpt 16 
nung co nhiet dp 1200°C di tao dupe lop vo boc day khoang 0,5 * 1,0 pm. Compozit chtia 
12% spi dupe chi tao bing ky thuit tham dung ap suit (the pressure filtration technique), 
trong ky thuat nay, bot nhao chtia vat lieu nin dupe hut thim vao tien chit dang spi bing ap 
ltrclhap. Sau khi say trong buong co dp im thich hpp, miu dupe dem di gia c6ng nhiet tiip 
theo di tao ra trang thai compozit. 
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10.6.2. Cong nghe tao hinh vat lieu compozit nen gom 


a. Phuong phap ep 

Nhu da bie't, co nhieu phirang phap de’ bdt kim loai c6 the ep v& thieu ket, tao thanh 
san pham dac chac vk cac loai b6t ceramic cung nhu vay. Quy trinh ch& tao ceramic cung 
g6m cac budc: tao b6t gdm, di6n d£y khudn, ep tao hinh. nung thieu ke't gdn gidng nhu ddi 
vdi kim loai bdt. 

Nguyen c6ng tao bot, ngoai cac phuong phap truyen thong con co the dung phuong 
phap nghien, dac biet la nghi6n udt n€u c£n b6t cd d6 min cao. Kh6ng nhu dung dich hoac 
huyen phii, pha ran trong vtfa nghien co ham luqng rat cao, 50% hoac hon. Ham luong pha 
ran cao nhu vay nham muc dfch tang cudng lop vo c6 do nh6t thfch hop trong mdi trudng 
nghien (bi va thiing nghi6n) d£ ngan can cac hat nghien thoat ra khoi vung nghien nhung 
khOng lam triet tieu hoan toan ung sua't nghien. 

Ky thuat che' tao bot ap dung noi chung la de’ lam giam hoac loai bo cac 16 x6p ra khoi 
vat lieu ban dau va de tao thanh mdt su phan b6 kfch thudc hat theo yeu cau. Tuy nhien, cac 
bdt khd co kfch thudc ldn kh6ng phai la nhung vat lieu ban ddu thfch hop cho cac nguyen 
c6ng ep b6t. Loai b6t nay chay khdng t<5t va di6n ddy khudn cung kh6ng td't. Vat lieu khd 
cham ket tu thanh hat (powder agglomerate) thi ra't thfch hop de’ d6 khuon va ep. Nhung hat 
nay co the che tao bang each ep, ep dun, phun. Trong do, phuong phap phun duoc sir dung 
kha ph6 bie'n. Thuc chat cua phuong phap phun tao hat cung la tao m^m va phat trie’n cua 
m^m nhung c6 pham vi kfch thudc ldn hon so vdi qua trinh ket tinh. Qua trinh duoc md ta 
nhu tren hinh 10.14. 





Hinh 10.14. Co che' tao mfim trong phuong phap phun bdt. 

Co th6 hinh dung qua trinh hinh thanh hat nhu sau. Khi khua'y bdt tung len, cac phan 
tu se quay va truot len nhau, cac hat min se bay len. Mdt nhan cua hat se hinh thanh khi mdt 
giot chat long va cham va bi ha'p phu len tren be mat cua mdt nhdm cac phdn tu. Luc mao 
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diin tao thanh do ben cho mam. Cac m£m se nhieu len khi chat long it d£n di do m6t ldp 
mang mjn va bot bj rung du doi. Sir 16n len cua hat bdi mot qua trinh goi la tao l dp se xay ra 
do tiep xuc va dinh bam cua cac hat rieng biet len tren m<im. Tiep theo, mot to hop cac mam 
nho va cac doan nho cung co th 6 hinh thanh nen mot hat. T6c do cua m6i co che' hinh thanh 
mam phu thuoc vao t6'c do cung cap pha long, su hap phu pha long len tren hat (cum bqt) va 
cong nghe tron. Ham luqng pha long cao hon gidi han se lam tang k(ch thucfc hat, lam cho 
kich thudc hat khong dong deu va dd xop cua hat cung tang len. Luqng chat long c£n thidt 
di tao hat se tang len khi dien tich be mat rieng cung tang len va thong thucmg chi£m 
khoang 20 -s- 36% the llch. Vdi luqng pha long nhu vay, cac Id xdp trong hat da duqc bao 
hoa hoan toan. Hal hinh thanh bang phuong phap phun co hinh dang gan hinh c£u hon cac 
phuong phap khac, thf du, nen hoac ep dim va thucmg phai say so bo trucrc khi sir dung d^ ep. 

S&'y phun la mot nguyen cong khac ve co ban so voi tao hat bang each phun da mO ta 
Iren. Khi sa'y phun, bot nhao duqc phun vao trong mdi trufrng co nhiet do trung binh de cho 
m6t phan pha long bay hoi, cac hat tao thanh 
co dang gan cau va dong nhat hon so vefi hat 
tao duqc tir phuong phap phun don gian. Sa'y 
phun thudng ap dung de che tao hat tir cac bot 
ferit, Ti0 2 ; A1 2 0 3 ; cacbit, nitrit va grim. 

Cac hat duqc che tao tir cac phuong phap 
tren, c£n phai co them chat phu de tao hinh. 

Tac dung cua chat phu la de on dinh do nhot va 
lam cho h6n hop ceramic co nhung tinh chat 
phu hop v6i qua trinh gia cong. 

Tinh dien day khuon 

Toe do chay cua bdt vao trong khuon 
thucmg duqc xac dinh nhd phuong phap truyen 
thong la xac dinh khbi luqng hoac the rich trong met don vi thbi gian. M6t phuong phap 
khac di xac dinh kha nang chay cua bot la xac dinh goc nghi ma bot hinh thanh khi rot bot 
len mDt be mat phang (hinh 10.15). Vat lieu co kha nang chay t<5t se tao thanh mot dong 
phang co goc nghi rat nho va nguqc lai, vat lieu co tinh chay toi se hinh thanh dtfng cao hon 
va goc nghi ldn hon. Cac hat dac hinh cau co be mat nhan, duong kinh 20 pm hoac hon se 
cho tinh chay rat tot. 

Nen so bo la nguyen cong dung ap lire lam cac hat sit chat lai gan nhau, tao ra m6t chi 
tiet tuong doi ben vChig va co tinh chat va cau true dac biet. Khi ep lan diu tien, ap luc lan 
truyen qua cac hat bot hoac cum hat bot thOng qua noi tie'p xuc giua cac hat. Toe do lam sit 
chat ban d£u rat cao nhung cQng rat nhanh chong bj giam di khi cac hat tie'p xuc vdi nhau. 
Thi nghiem chung to rang, khi ap luc ep khoang 50 MPa bat dau lam cho cac hat sit lai g^n 
nhau, trong giai doan d^u nay, kh6ng khi tir cac 16 xdp bi don ra ngoai va bi hut vao khe ho 



Hinh 10.15. Goc do khi xac dinh tinh 
chay cua vat lieu hat. 
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giua chay va khuon ep. Da s6 may ep cdng nghiep van hanh vdi ap luc dudi 100 MPa doi vdi 
ceramic ky thu&t chat lirong cao va dudi 40 MPa doi vdi sir trdng va ngoi. 


Qua trinh lam sit chat cac hat bot khi nen dirac chia lam ba giai doan. Trong giai doan 
mOt, cac hat trirot tirang doi l6n nhau va dircrc tai b 6 tri lai khi ap Iltc con thap vi chay mdi 
tifip xuc vdi b6t. Mat d6 hoi tang so vai mat do do dong tai di£m nay. Giai doan hai, bdt ddti 
xay ra bien dang cac hat trong cac khe ho lan can khi ap lire vudt qua ap lire tai han cua hat 
(P y ) va d6ng thdi lam giam the tich, ktch thuoc cua cac khe ho giua cac hat (hinh 10.16). Ap 
luc tai han cua hat co lien quan he den ty so ep, the tich hat (V h ) va the tich chit dfnh (V p ) 
va d6 b£n cua hat a n . 


P y =C 


f PF \ 

M 

U-pfJ 

KJ 


Hat 


.a, 



Ap lire ep 

l 



Dau vet cac hat 



L6 xop 
con lai 


C la hdng so xac djnh bang 
thuc nghiem. 

Phan ldn qua trinh lam sit chat 
d6u xay ra trong giai doan hai. Co 
che bien dang hat la ca che sit chat 
chi£m iru thfc*. Mat do nen D nc ; (1 , co 
the tinh gdn dung nhu sau: 

Dncn = Dili I + m log(P a /P y ) 

Trong do P 4 - ap lire sir dung; 

P y - ap luc tai han cua hat; D [iU - milt 
do d6 dong; m - hdng so ep lun phu 

thuoc vao kha nang bien dang va Hinh 10.16. 1 hay ddi hinh dang hat va 16 xdp 
muc do sit chat cua hai. B6t chua hat khi ep vat lieu, 

mdt d6 cao se tao ra mat do nen va he so m tuong doi thap, nhung viec loai tat ca cac 16 xop 
giua cac hat la rat thuan Iqi khi bot co churn hat co mat do hai thap, gia tri m ndm trong 
khoang 0,07 + 0,10. Vdi mdi loai bot co mot gia trj loi iru ve mat do hat, mat do d 6 dong va 
m. Trong giai doan haj. cac 16 xop ldn va bd mat giura cac hat khong con ton tai nOa. Ap luc 
cao se lam cho cite hat bj nut lam han che qua trinh sit chat liep theo. Khe ha giura cac hat 
ldn va cac 16 xop ldn trong cac hat co hinh dang cai banh ran thi v3n t6n tai trong giai doan 
ba. Cac khuyet tat nay khong the loai bo dude trong qua trinh thicu ket va gay hau qua lam 
giam tinh chat co hoc cua san pha’m. 
b. Due do 


Dung dich nude cua cac hat set min goi la nude ao. Due dd (slip casting) la phuong 
phap rot nude cao vao khuon thuang la khuon thach cao xop. Do xay ra luc hut mao dan cua 
nude tir nude ao vao khuon, cac hat trong nude ao se ket tu lai gau b 6 milt khuon va vat due 
hinh thanh. Cac thong so trong qua trinh due do bao gom: ap luc ep, chan khong, lire ly tarn. 
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Co hai kiiu due d 6 c a ban: due tham va due dac (hinh 10.17). Nguyen ly due th£m la, trude 
h£t d 6 nude ao vao day khudn, chef mdt thdi gian vira du cho mOt ldp hat k€t tinh, ph£n nude 
ao thua se diroc thao d6 ra khoi khudn. Phuong phap nay phu hap cho cac chi tiet r6ng rudt, 
thi du, n6i na'u kim loai hoac 6'ng. Dtic dac la each due do toan bd nude ao vao khuOn de tao 
thanh mot chi ti£t dac ch&c va hoan chinh. 

D6 nhdt tha'p « BOtnhao 

1000 cP) la thich hap BOtnhao 

loc bdt nhao trude ^ . vAy/s I 

khi rot vao khuOn hoac fa/$J/fa. ~ fah ffa 

khi eSn phai loai bo cac \ Th^o khuOn 

bot khi khoi b6t nhao. Thao bot nhao ^ 

M&t do, d6 nhdt bilu 

kito va tog suit cat cua Hinh 1017 ‘ Minh ho ? P hl[on g P hd P dde dd - 

bot nhao c^n phai du ldn d£ han ch£ hidn tuong sa ldng va kd't tu cac hat trong khi due. llfng 

suat clt cua bot nhao T y co th£ tinh theo cong thtre: 


t y = (2/3) a (D p - D s ) g 

trong do: a la dudng kinh hat; Dp la mat do sau ep; D s la mat do cua bdt nhao; g la gia tdc 
trong truang. Khi bot nhao khOng chiu umg suat cat thl do nhcft cao vdi toe do truat th£p co 
th i lam cham qua trinh sa liing cua cac hat. 


Bang 10.3. Thanh phan cua mot sO' bdt nhao de due do 


Vat lieu 

Thanh phdn, % 

Gom 

Oxyt nhom 

A1 2 0} 


40 + 50 

Silica 

10 + 15 


Feldspar 

10- 15 


Dat set 

15 + 25 


Nude 

45 + 60 

50-60 

Chat phu chong keo tu 

Na silicat 

<0,5 


NH 4 polyacrylat 


0,5 + 2,0 

Na xitrat 


0,0 + 0,5 

Chat keo tu 

CaC0 3 

<0,1 


BaCQ 3 

<0,1 


Chat dmh 

Na cacboxymethylxellulo 


0,0 + 0,5 
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c. Due bang 

Bot ceramic dung d£ due bang chi ndn dung ki'ch thude cue dai la 1 + 5 pm va b£ mat 
rieng 2 t 5 m /g. Bot cang nho se lam cho be mat bang due cang min. Do nhung bang due 
nay thudng dung di che' tao cac chi tiet dien tu nen dd d6ng nha't vi mSt hoa hoc la co gidi 
han. Kich thude va dd phan tan ciia hat cung co anh hudng d£n tfnh on dinh kich thirdc trong 
qua trinh stfy va nung san ph&n. Bdi v£y, he dung mdi - chat long c^n phai hoa tan duoc ca 
nhung chat phu nhung cung phai di cho cac chat phu nay duoc ha'p phu len tren hi mat c£c 
hat ceramic. Thoa man di£u nay, thudng dung hdn hop ciia cac dung mdi. Dung m6i htfu co 
co dd nhdt, diem sdi va nhiet hoa hoi tha'p nhung lai co ap su&'t hoi kha cao va thdi gian say 
se ngin hon. 

VSn d6 quan trong la phai ket hop chat dinh va chat lam mem de vira dam bao trnh 
chat co hoc nhung cung dam bao bdt nhao cd ham luong pha rdn kha cao. Dung qua nhilu 
ch£t dinh se lam cho cac hat de bi phan tan rdi nhau va lam giam gia tri PF (packing 
fraction) ciia hat trong dai due. Ngoai cac chat da noi tren, trong bdt nhao con co cac thanh 
ph£n khac nhu, ch&'t lha'm udt, chat d6ng nhat dung dich, chat chong tao bot. Can nhac lai 
khai niem mat dd ep PF. 

PF - ” 1 " 03 


Trong do n () = N/V la mat dd hat trung binh; o la dudng kinh va cham. 


Nguyen ly due bang duoc mo 
ta tren hinh 10.18. Trong cong nghe 
due bang, bdt nhao duoc rai d^u tren 
hi mat nhan, sach va khong tham 
nude hay con goi la vat mang bang 
teflon hoac celulo axetat. Toe dd due 
khoang 1,5 m/ph, chi£u day bang due 
khoang 25 150 pm. Bang due hinh 

thanh khi ldp bdt nhao chay phi'a dudi 
lucti dao phan phoi va hinh thanh mang 
theo edng thtfc: 



mong tren bang tai. Chilu day bang due H duoc tinh 


H-ADnh 


o u o 


1 + 


Map' 

6 r|vL ; 


Trong do: A la hang s6; D r la ty le giffa mat do bot nhao va mat dd trang thai khd; h 0 
la chi£u day dudi lucri dao gat; AP la ap luc lam cho bot nhao chuyen ddng duoc; rjla dd nhdt 
cua bot nhao v£ L la chi£u dai due. Ro rang, chi£u day bang due phu thude vao td'c dd bang 
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tai khi ty le h 0 /r) kha nho. De dam bao chi£u day cua bang t trong doi d6ng d£u, toe do bang 
tai phai dat khoang 0,5 cm/s va do nhot cua bot nhao kha Ion. 

10.6.3. Nung san pham 

Ngay khi cac cau tit ceramic mcri da dupe che tao du bang bat cu phuang phap nao, 
tiep theo d6u phai say kho va hoan thien be mat, thi deu phai chiu mot nguyen cong nua la 
nung, tuc la nung ceramic len nhiet dp cao d£ phat trien cau true va cac ihuoc tinh cin thiet. 
Thuc chat cua qua trinh nung la d 6 cho vat li£u ket tinh cung giong nhu ket tinh cua kim 
loai, cung co qua trinh tao mam va phat trien mdm. Qua trinh nung san phhm c6 th£ chia 
lam ba giai doan, ban dau, trung gian va ket thtic. Nhirng phiin lcm qua trinh ket khoi cua vat 
lieu xay ra chi xay ra 6 giai doan trung gian. Co che chuyein khoi dan den chuyfcn khoi con 
bao ham ca qua trinh khuech tan bien gidi hat, khuech tail trong o mang, tinh chay nhdt va 
chay deo. Cac qua trinh chuyfin khoi nhu khuech tan be mat va boa hoi xay ra trong khi 
thi£u ket nhirng khong co tac dung lam ket khoi vat lieu. 



Uinh 10.19 . Dac tinh ket khoi cua hai loai boi nen 0,8 va 1,3 p.m 
co so sanh voi phuang pluip ep nong. 

Trong giai doan ban dau, qua trinh xay ra chu yeu la co ngoL do hien tirong thoat am 
va khuech tan. Trong giai doan trung gian, ngoai vi£c co ngot thi con qua trinh phat trien 
cua hat, nghla la duong kinh d cua hat khong phai la hang so nua va hinh dang hinh hoc cua 
cac 16 xop cung bi thay d6i. Trong giai doan cuoi ciing, qua trinh ket khoi phu thuoc rat 
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nhi^u vao qua trinh tu dam cua cac 16 x6p va bien giai hat, toe d6 va kieu phat trien cua hat. 
Sir khu£ch tan cac nguyet tu chmh la nguygn nhan gay ra hi£n tupng dich chuyen cua bien 
giefi hat. Tmh linh ddng bi£n giori hat, M b , neu la hang s 6 thi tdc d6 phat trien cua hat dupe 
m6 ta nhft phuang trinh: 

d"-d ( ‘!=2AM bY .t 

Trong do, n la thong s6 klch thucrc va lay gia tri 2*3; d 0 la ki'ch thucfc hat trung binh 
ban dau; d t la kich thude hat trung binh tai thfri diem t; A la he s<5 phu thuoc vao hinh dang 
hinh hoc; y la nang lupng ben mat giOa cac hat. 
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Chuofng 


NHONG CONG NGH$ TlftN Tlf)N 
TRONG C6NG NGH$ VAT LlfiU 


11.1. LUY$N KIM PLASMA 

Plasma la mOt trang thai vat chat ma trong do t6n tai d6ng thori cac ion, dien tu, cac 
nguyen tu va ca phan tir trung hoa ve dien. Day la trang thai vat chat co nang luong r£t cao, 
nguon nang luong nay dugc tao thanh bang each chuyen hoa dien nang thanh nhiet nang. 
Nguyen ly tao plasma co the bang dien trudng manh hoac h6 quang. Khi tao plasma bang h6 
quang, ho quang dien dugc gay trong m6t kh6ng gian hep dong thai phun khi hoac h6n hop 
khi' qua khong gian hep do. Cac nguyen tu hoac phan tir khi se bi ion hoa va hinh thanh 
chum tia plasma. Cung co th£ thay h6 quang dien bang mot dien trufrng manh (co 10 kV) va 
phun khi' di qua dien trudng do de gay plasma. Khi dung o day co the la argon, khi hoan 
nguyen hydro hoac hdn hgp cua chung va cung co the la khi khac phu thuoc vao muc dich 
luyen kirn khac nhau. Ngay nay nguoi ta da che' tao ra sung phun plasma r£t thuan tien trong 
viec sir dung. Nhiet do lam vice co th£ len dat 5000 4- 20000 f, C 

Dac diem cua chum tia plasma la tinh on dinh cao vi no chiu anh hudng cua dien 
truemg hoac h<5 quang dieu khien dugc, chum tia t(lp trung nang luong cao do, tao dieu kien 
thuan loi trong viec nau chay cue bo, na'u chay nhtfng nguyen to co nhiet d6 chay cao hoac 
tinh luyen. 

- Chum tia plasma khi tro: dung de nau chay kim loai co nhiet dd chay cao, kim loai 
co hoat tinh cao, tinh luyen kim loai va hgp kim. Nguyen ly tinh luyen la: khi chie'u chum 
tia plasma vao be kim loai nong chay, nhiet d6 tai khu vuc do tang dot ngOt, tao dieu kien 
cho cac tap chat va khi hoa tan n6i len theo xi. 

- Chum tia plasma hydro hoac khi co chua hydro: dung ch£ tao kim loai va hop kim tir 
oxyt cua chung, thi du Fe, Al, Co, Nb, Ta, Zr... 

11.2. HOP KIM NGUOI NHANH VA CAU TRUC VO DINH HINH 
11.2.1. Tinh the va vo dinh hinh 

Ca'u true tinh the la cau true ma trong do cac nguyen tu dugc sip xep mot each tuin 
hoan, vj tri cua bit ky nguyen tir nao cung deu dugc xac dinh bang phep tinh tie'n theo mpt 
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vecto duoc lira chon trucrc. Noi clch khac, vat the tinh th£ co cau true trat tu xa. 

Vat rln vd dinh hinh kh6ng t6n tai trat lir xa: neu coi vecto n6'i hai nguyen tu gin nhlt 
II vecto tinh lien va dich chuy^n vecto do di mot s6' lln du Idn cung khdng th£ gap mdt 
nguyen tu tuong duong. Trong vat rin vo dinh hinh chi t6n tai trat tu gan, tdc la trat tu trong 
khoang each mdt vai lln khoang each giua cac nguyen tir. Do c6 cau true khac thuemg nhu 
vay, vat ran v6 djnh hinh co mdt loat cac tinh chat uu viet so vdi vat ran tinh th£ nhu dd ben 
co hoc cao hon, kha nang chdng an mon hoa hoc va tinh chit ly hoc tot hon. 

Chat long lu6n co tinh chay, turc la chat long se bj bien dang duel tac ddng cua bit ki 
ting suit nho nao ma cung khdng th^ kh6i phuc lai duoc hinh dang ban dlu. Vat ran v6 djnh 
hinh cung th^ hien tinh chay. Sau vai the ky, be day kmh cira sd 6 phi'a dudi bao gio cung 
ldn hon phfa tren. 

Ndi nang cua vat rin vo dinh hinh bao gicr cung ldn hon ndi nang cua vat ran tinh the 
va vat ran vd dinh hinh lu6n co xu hudng chuyen thanh tinh the - trang thai co nang luong 
tha'p hon. Dudng nung nong vat ran vo dinh hinh khong co doan nlm ngang ma chi co diem 
u6n, tire la khdng co su thu phat nhiet vi do chi don thuan la qua trinh chuycn pha tir trang 
thai khdng trat tu nay sang trang thai khong trat tu khac co cung noi nang. 

11.2.2. Phuong phap che tao hop kim vo djnh hinh 

Nguyen ly co ban cua phuong phap che' tao vat lieu vd dinh hinh la lam cho kim loai 
chuycn tir trang thai long sang trang thai ran ma khdng co ke't tinh. 

a. Phuong phap che tao tit the hoi (phun suong) 

Noi dung cua phuong phap nay la su lip ghep cac nguyen tir len nhau tren mot tarn de" 
(nen) trong moi trudng chan khdng hoac khi kem. Cac nguyen tu cang kem linh ddng thi 
kha nang thu duoc clu true vd dinh hinh se cang de dang hon. Nguyen ly cua phuong phap: 
kim loai duoc dat trong mdi trudng chan khdng cao, khi dong dien chay qua soi ddt, kim loai 
se nong chay, sdi, bay hoi. Hoi nay se bam len bi mat de', hinh thanh lop mong vo dinh hinh. 

b. Phuong phap ban phd be mat bdng tia nang luong hoac song xung kick 

Thuc chit cua phuong phap nay la lam ngudi nhanh kim loai bang chlnh kim loai gdc 
(edn goi la men hoa glazing). Dung tia laze hoac chiim dien tir hoac chum tia plasma lam 
nong chay mdt ldp mong kim loai tren bi mat chi tie't. Chiu tac ddng cua nang luong bln 
pha nay, cau true tinh the tren lop be mat kim loai se bi sai lech hoac bi pha huy hoac cay 
them cac ion vao mang tinh the va truyen nhiet rlt nhanh vao phln kim loai chua nong chay. 
Ket qua la, cau true trat tu trong tinh the bi mat di, tren be mat xult hien mang mong vd 
dinh hinh. 

c. Phuong phap ngudi nhanh tit the long 

Trong edng nghe nay, qua trinh nong chay, ddng cung va tao hinh san pham duoc thuc 
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hien lien hoan va hdu nhir ddng thcfi. Kim loai nong chay khi ngu6i cham se ket tinh d nhiet 
do tori han T°, khi do do set se tang dot bien tir 10" 2 16n den 10 n Ns / m 2 . Khi nguoi nhanh, 
kim loai co th i tdn tai a the long d nhiet do nho hon T°. Do la hien tugng qua nguOi. Ne'u 
tOc do nguOi qua Idn, kim loai long ton tai d nhiet do dudi T°, do set va he s6 khue'ch tan cua 
kim loai giam rat nhanh, cac nguyen tu khong con do linh dOng. Trong trucrng hop do, 
khOng xay ra ket tinh, cha't long dOng dac ma hau nhu van gitf nguyen cau true ban d£u - cau 
true khong trat tu cua kim loai long. Do la trang thai v6 dinh hinh cua kim loai. §& lieu thuc 
nghiem cho hay, tOc do nguoi toi han thudng phai dat gia tri 10 s 10 6 K/s thi mdi cd kha 

nang thu dugc cau true vo dinh hinh. 

11.2.3. Uhg dung cua hop kim nguoi nhanh 

- Hap kim hoa cac nguyen t6 kho hoa tan. Nhfr co hien tugng ket tinh khong khue'ch 
tan bang phuong phap nguoi nhanh, nguoi ta co the tao ra cac dung dich ran qua bao hoa vdi 
lugng chua cac nguyen to hap kim ldn gap nhilu Mn so vdi trang thai can bang. Cac loai 
dung djeh ran nhu vay la ca so de che tao cac loai hop kim cd nhung tinh chat dac biet nhu 
ca tinh cao, d6 cirng, do ben cao d nhiet do cao nhung tinh deo lai tot... 

- Che' tao b6t nhung hap kim dac biet dung trong luyen kim bot; 

- Che' tao vat lieu tir. Thanh ferit v6 dinh hinh khong bj nhidm tir dugc sir dung lam loi 
cac bien the' ma khong lam ton hao nang lugng khi truySn tai dien nang. 

11.3. LUYEN DIEN XI 

Nguyen ly lam viec (hinh 11.1) 

Dien cue tu hao (1) (chi'nh la kim loai can tinh luyen) mac ndi tie'p vdi xi tinh luyen 
(2). Sau khi moi, dong dien di qua xi long phat nhiet lam nong chay xi dong thdi lam nong 
chay dien cue tu hao. Giot kim loai long rai qua xi long va cac qua trinh tinh luyen xay ra 
tai day. Giot kim loai sach sau khi qua ldp xi, rai xuong thiing ket tinh (4) va hinh thanh vat 
due (5). Dien cue tu hao ludn dugc di4u chinh sao cho khoang each giua dien cue va kim 
loai long phai thfch hgp de duy tri qua trinh nau chay dien cue. 


Hinh 11.1. Dien luy6n xi: 
1- dien cue tuhao; 2- xi tinh 
luyen; 3- vung kim loai long; 
4-thung ket tinh; 5- thoi due. 
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Qu£ trinh dien luyen xi bao g6m cac budc sau day: 

- Lua chon xi thich hop: tuy theo muc dich tinh luyen, khCf khi, ban chat kim loai ma 
lira chon xi va thanh phln xi cho thich hop, thi du neu khu luu huynh thi xi phai mang tinh 
baza va n6ng d6 FeO nho. 

- Xac dinh che d6 na'u: dien ap, dong dien, t6'c d6 lam ngudi... 

* Na'u chay xi, phai tie'n hanh m6i d£ lam xi chay long. 

- Nau chay dien cue va lien hanh tinh luy6n. Cac phan ling tinh luyen xi, tinh luyen 
tap chat, khu khf, khir luu huynh - deu xay ra trong giai doan nay, a viing tiep xuc xi - giot 
kim loai. Day la edng doan chfnh cua qua trinh. 

- Kim loai d6ng dac trong thung ket tinh. Thiing ket tinh co the che' tao co hinh dang 
nhu chi tiet de due ngay ra san pham, cung co the chi la khuon due thoi de sau nay con gia 
c6ng tie'p theo. 

Cac tham so anh hucmg den chit luqng qua trinh tinh Iuy6n: 

- Toe d6 cung cap dien cue: khi toe d6 nay co gia tri nho, qua trinh nong chay chi xay 
ra a gin mat thoang cua xi. Qua trinh tuong tu nhu phong ho quang, be mat cue gan nhu 
phang. Giot kim loai hinh thanh 6 dlu mut cua dien cue. Khi tang 1 6 c d6 cung cap dien cue, 
su dao dong cua giot kim loai theo mat mut cua dien cue dirng Iai, viec nho giot xay ra 6 
tarn dien cue. Khi t<5c d6 dat mot gia trj thich hop, be mat dien cue co hinh cOn. Qua trinh 
nlu 6n dinh. 

- Ti le duerng kfnh cue (dj c ) va du6ng kfnh thung ket tinh (d kt ): khi d dc / d k , < 0,5 thi 
chieu day Idp xi khong lam anh huong d€n khoang each tir dien cue den 16p kim loai. Khi 
dje / <4t > 0,5 thi khoang each tir dien cue den kim loai ti le thuSn voi chi^u day ldp xi. 

- Thanh phln xi: quyet djnh den qua trinh tinh luyen, khu S ho|c F. 

- Dien ap va cudng do dong dien: Anh huong den tin s6 dut cua giot. Thong thudng U 

= 30 -s- 60 V; I = 1500 2000 A. 

- Che' d6 nude lam nguQi. 

11.4, LAZE VA ONG DUNG 

10.4.1. Tia laze {Light Amplification by Stimulated Emission of Radiation) 

Laze la anh sang phat ra trong qua trinh khue'ch dai tia bde xa kfch thich dien tir nghTa 
la cac electron sau khi ha'p phu nang luqng ngoai lai (ha'p phu photon) se tu mdc nang luqng 
thap (E,) nhay len mdc nang luqng cao hem (E 2 ) khi tan s 6 tia sang thich hop vdi dilu kien 
chifi'u xa cua photon: 

hv = E 2 - Ej 

trong do: h - hang s 6 Planck; v - tin s6' anh sang. 
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Co sc* vat ly cua qua trinh phat tia laze c6 the tom tat nhu sau. Khi m6t m6i cha't bi 
kich thich bdi m6t ngudn nang luqng ben ngoai, cac ph&n tir hoat tinh trong m6i chat do se 6 
trang thdi kfch thich va nhay len mire nang luqng cao hon. Day la trang thai k£m 6n djnh, 
cic ph&n tir tr£n lai quay trd vi trang thai co mure nang luqng th^fp hon, khi quay v£ mire 
nang luong nay, no phat ra m6t photon, day la hien tuong phat xa tu nhien. N£u trong qua 
trinh trd v£ mure nang luong th£p hon m& ta lai ca'p cho chung m6t nang luong nhat dinh ntfa, 
cac hat trfin se phat ra hai luqng tu, day la qua trinh phat xa cudng burc. Nguyen ly phat tia 
laze la sir dung hi6n tuong phat xa cudng btre. Cac photon tren tiep tuc kich thich cac 
nguyfcn tu mdi cha't va lai sinh ra cac tia burc xa kich thich va photon tiep theo d6ng thbi gay 
ra phan umg day chuy£n, khu£ch dai &nh sang. De tang cudng kha nang khue'ch dai £nh 
sang, tr£n be mat cua hai kinh phan xa cua thiet bi laze, ngudi ta ma nhi£u ldp mong mdi 
chit c6 d6 phan xa rift cao vdi anh s£ng co bude song 0,6328 pm. Khoang each giffa hai tarn 
kinh trfin duqc thiet kd' bang bdi so chan l£n 0,6328, do do anh sang co bude sdng 0,6328 
pm co th£ chuy^n ddng nhilu l&n tir guong mdt den guong hai qua d'ng mao dan trong buong 
edng huong. Dao ddng duqc khu£ch dai. Khi photon trong bu6ng edng hudng dat tdi mdt gia 
tri nko d6, no xuydn qua kinh phan xa va thoat ra ngoai. Do la tia laze. 

Cac mdi chfft co th£ dung la khi heli, argon hoac hdng ngoc. Ngudn nang luqng kich 
thich la d6ng dien cao ap. 

Dae diem cua tia laze 

- Dd ch6i cao. T6ng nang luqng cua laze khdng ldn nhung lai duqc tap trung mdt each 
cao do nen c6 dd ch6i rat cao, gap 10 10 dd choi ngoai mat trdi. 

- Tinh dinh hudng t<5t. 

- Tinh don $&c tdt. 

(fng dung cua tia laze 

Trong co khi che' tao dung d 6 do ludng chinh xac, khoan 16, cat dirt va han. 

Trong luydn kim dung laze de nau chay cue bd va tinh luyen. 

Trong c6ng nghe due dung tia laze de due chinh xac nhung vat sieu nho tir vat lieu co 
nhiet dd nong chay cao. 

Trong vat lieu dung tia laze d£ xtr ly b£ mat nhu nhiet luydn b6 mat, hop kim froS b£ 
mat, hoa ben v6 djnh hinh, phu ma kim loai. 

a. Trong nganh cor khi 

Do dac tinh co dd choi cao va tinh don sac tot, tia laze co the gia cong duqc 16 c6 
dudng kinh rat nho cd 0,001 mm, thi du nhu 16 lap true chan kinh trong dong ho, 16 khu6n 
k£o sqi kim loai, 16 trong voi phun bom cao ap... Co th£ cat duqc cac loai vat lieu k£ ca vat 
lieu phi kim l&n vat lieu co nhiet d6 nong chay cao vdi toe do cat cao, mach hep, vet cat 
nhan. 
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b. Men hod be mat chi tiet bang tia laze 

Khi chieu tia laze Iln bl mat chi tiet, viing anh huong c6 thl duac chia lam hai vung, 
vimg kim loai nong chay va vung chi cd chuyln biln pha d trang thai rin. Khi ngudi, ldp b£ 
mat se co nhihig tfnh nang dac biet. Thi du vdi th£p cacbon trung bmh, t6 chtic ban 6iu gdm 
peclit + ferit. Khi xtr ly bang laze, tren b& mat se co cac chuyen biln P-^A^LjvaF-* 
A 2 -> L 2 (ndng do cacbon C cua hai pha long va L 2 la khlc nhau). Tilp theo la qua trlnh 
lam d6ng dlu thanh phln dua tren nguyen ly khulch tan. NgCrng chilu tia laze, pha long 
ngudi rCt nhanh nhd chinh phln chi tilt chua n6ng chay. Chuyen biln L -> A -> M xay ra 
trong dilu kien ling sua't du rat ldn nen kich thude tinh thi kim cua mactenxit M nho min 
hon. Thuc nghiem da chi ra rang, co mdt luong ldn austenit A ton tai vdi mat 66 lech rlt cao 
co 10 9 /mm 2 va kich thude hat sieu min. Be mat chi tilt co t6 churc M + A du vln co do ctmg 
ra't cao cd 8000 MPa, cao hon ca nhiet luyen bang cam ung tin si cao. 6 viing hai chi co 
chuyen biln khi nung va lam ngudi theo so do P -> A t -> M| va F ->• A 2 -> F*. Do kha nang 
khulch tan cua cacbon 6 trang thai ran rat kern va thori gian xur ly tia laze ngdn nln thanh 
phln cacbon 6 cac hat peclit P la khong d6ng nhlt, boi vay mactenxit M co dang van, thi 
hien su phan bl dang song theo hudng true giao vdi cac tlm ferit F va xementit Xe. Do cting 
cua M! khoang 8500 MPa, cao hon viing mOt. Cac hat ferit F chuyen thanh austenit A ngheo 
cacbon hon sau do chuyen thanh F* chura nhilu tap chit, nhung 6 viing lln cln hat peclit P 
Iai chtra nhilu cacbon hon. F* cung da duoc hoa ben vdi do cting cd 3500 MPa. 

c. Hop kim hod be mat bang tia laze (Surface Alloying by Laze Beam) 

Nguyen ly t6ng quat cua phuong phap nay la phu mot ldp mong nhung nguyen tl hoa 
hoc cln thilt len be mat chi tilt may r6i chieu tia laze vao. Do nhiet do cao va chay long cue 
bo, cac nguyen to' hop kim de dang khulch tan vao ldp ben trong be mat chi tilt lam cho ldp 
be mat cd nhihig ti'nh nang dac biet. Cd nhieu each dua cac nguyen to hop kim vao be mat 
chi tiet. ThOng dung nhlt la dung h6n hop cua cac nguyen 1 6 hop kim + chit xuc tac + chit 
dinh. Cung cd the dung kit tiia dien phan, can ep la mong, phun tia lira dien... 

Dac dilm cua phuong phap hop kim hoa be mat bang tia laze la: 

- Cd the hop kim hoa duoc tat ca cac nguyen to co trong bang tuan hoan vdi luong 
lieu ton rat nho, tilt kiem duoc cac nguyen td dat tien. 

- Khong can nhiet luyen tiep theo, tham chi khong can gia edng co tilp theo. 

- Quy trinh cong nghe rut ngdn, nang luong lieu hao thlp, tin it edng lao ding. 

- Chit luong va tuli tho cua san pham cao hon. 

- Thilt bi dlt tien. 

11.5. PHUONG PHAP TAO MAU NHANH (RAPID PROTOTYPING) 

Ndi dung cua phuong phap nay la che tao ra mdt chi tilt hoac mau bang nhOng cong 
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nghe va thiet bi chuyen dung, sau do tir mau nay se due ra chi tie't may di dua vao six dung 
ihir. M&u tren cung co the che tao true titfp tir kim loai hoac vat lieu polyme r6i dem diing 
ngay nhung cOng nghe phixc tap hon nhilu. 

LInh vuc sir dung cua edng nghe nay la trong trudng hop nghien curu che' tao thir, thiet 
ke' mau va kiiu d£ng cong nghiep cho cac san pham mdi doi hoi phai r£t nhanh chong chiem 
lmh thi trudng, thi du che' tao kieu dang d6 choi cho tre em. 

Cac bude chu yeu cua cong nghe 

- Thiet ke chi tie't tren ban ve nhd nhung ph£n mem chuyen dung, thi du CAD hoac 
SOLIDWORKS ho3c cung co the ve lai chi tie't that bang may c6 dau do (trong trudng hop 
h6i phuc lai chi tie't theo nguyen ban). Cac phan mem nay vira ve vira “cat Idp” chi tie't, phuc 
vu cho gia c6ng tiep theo. 

- Che' tao miu bang nhung edng nghe dac biet: may gia cong dua theo hinh dang va 
dudng bao cua timg “ldp” do pMn thiet ke ndi tren da vach ra de tao n£n mSu. 

Nhung phuong phdp die tao mau nhanh 

a. Phuong phdp dung hat dctng cau (hinh 11.2) 

D! tao mdu, dung met thi£t bi phun ap dien de bdn cac giot chat nhiet deo len m6t bin 
di dong theo timg “ldp” ma CAD da vach ra tir trude, cac giot nhua nay se rdn lai khi va dip 
vdi chi tiet dang dupe hinh thanh. Phuong phap nay rat co hieu qua kinh te' va co the sir dung 
cho nhieu loai vat lieu khac nhau. 

b . Phuong phdp lang dong nong chdy (hinh 11.3) (Fused deposition) 

Chd't deo nhiet (parafin va th&m chi ca kim loai) dupe phun thanh tia nhd mot ddu 
phun dao ddng dupe theo hai chieu. Cac tia nay se lang dong lai theo timg lop (chieu day 
khoang 0,1 mm) ma CAD da vach ra. Cac ldp nay se lien ket lai vdri nhau nhd nhiet nong 
chay. Phuong phap nay khdng doi hoi cac phdn cua rnitu dang hinh thanh phai dong rdn lai 
trong mdt khoang thdi gian ngdn. V&t lieu dung chu yeu la nylon. 

Cung cap ch* Soi chat deo 

. deo nhiet 

Ddu phun 

Chi tie't 


Hinh 11.2. Phuong phap hat c&u. Hinh 11.3. Phuong phap ldng dong nong chay. 
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Tia 

Bot 
chay 

Nhua nhay quang 

Hitth 11.4. Phuong phap in hinh noi. IIink 11,5 . Thi£u ka't bang laze. 

c. Thieu kit biing laze (hinh 11.5) 

Chi ti£t bang chat deo ran duac tao thanh 
bdi nhidu lorp mat cat ngang. M6i mat cat ngang 
nay duac hinh thanh nhd chum tia laze dan 
hudng bang mot guang chuy£n ddng duac. 

Chum tia laze se lam d6ng ran mot lcrp mong 
chat nhua deo nhay cam vdi anh sang. Khi mot 
ldp mong da hinh thanh, chi tiet duac ha chim 
xudng hi nhua long mot khoang each 0,1 mm. 

Nhu vay, mlu duac hinh thanh tung lefp m<M tu Hinh U* 6 * Phuong phap 16p gily. 

day tdi dinh. Sau do phai dua mau di say tiep de dong ran hoan toan. 

d. Phuong phap in hinh noi (hinh 11,4) (Stereolithography - SLA) 

Phuong phap nay hoat dong dua tren cac nguyen tic giong nhu in n6i ba chieu nhung 
lai su dung loai bot min d£ nlu chay (chat nhiet deo hoac parafin). B6t nay nong chay va 
hoa lln nhau nhd tia laze iheo tung lap m6t va hinh thanh nSn san phlm. Gan day ngudi ta 
con su dung ca bc>i kirn loai va bOt gtfm. 

5. Phuong phap lap giay (hinh 11.6) 

MIu duac hinh thanh tu nhung I dp giay dat xen ke voi cac lcfp poly me nhay cam 
nhiet. Nhung lap giay sau khi duac clt tir cuOn giay nhd tia laze se duac xep chong len nhau 
va lien k£t lai voi nhau nhd mot con lan da nung nong. Tia laze chay tr£n duong bao cua 
timg “lap” cua chi tie't do CAD da ve tir iruac. 

11.6. PHUC HOI CHI Tl£T CHIU MAI MON 

Cac cap chi tiet lam viec chiu mai mon, thf du piston-seemang, banh rang, true - bac... 
mac du co dau boi Iran nhung vln thudng hay xay ra cac hien tuong mon do cao xuac, bong 
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trdc hay cic vet nut td vi. Cac v£t xudc nho nay se phat trien dan, lam giam cdng suSTt dOng 
co, t6n nhidu nhien lieu. Mot phuong phap khac phuc nhfing vet cao xudc hay cac vet ntrt td 
vi trong cac cap ma sat la dung mOt dung dich dac biet c6 chiia cic hat kim loai kich thudc 
vO cling nho (c5 0,1 pm) phan tan cung dau bOi trcfn. Hat kim loai Zn, Cu, Sn, Pb, Fe, Al, Ni 
duqc che' tao bang phuong phap bdc hoi. NOi dung cua phuong phap nay la cho kim loai bay 
hoi trong khi tro hoac trong chan khOng sau do cho hoi kim loai ngung tu tren dia quay tim 
silicon se tao ra hat kim loai siOu min cO hat khoang 0,01 + 1 pm. Vdi kich thudc nhu thd 
nay, hat kim loai co th i di qua cac loai phin loc, ddng thdi khi phan tan trong cac chat phu 
gia die biet, hat kim loai nay cung khOng b| ling dong trong diu nhung lai co hoat tinh cao. 
Chat phu gia dac biet co tac dung ngan can cac hat kim loai lien ket lai vdi nhau va ngSn can 
chting tac dung vdi d£u bdi tron. Khi c£c cap ma sat lam viec, cac hat kim loai min theo ddu 
b6i tron den c£c b6 mat ma sat co vet xudc, dudi tac dung cua nhiet sinh ra do ma sat, cac 
hat kim loai se ldng dong lai tai vdt xude, han gdn cic vdt nut td vi, 6n dinh lai mang kim 
loai da bi x6 lech, kdt qua la b£ mat chi tidt duqc khdi phuc g£n nhu trang thai ban dlu. 

11,7. c6ng ngh£ sol-gel 

COng nghe sol-gel la edng nghe cho phep ta iron lan cac cha'l d qui md nguyen tu va 
hat keo de tdng hop cac vat lieu gom co dd sach va tinh ddng nhat cao. Qua trinh nay xay ra 
trong dung dich long cua c£c tien chat nhu cac oxyt hoac cac mud'i kim loai, thdng qua ede 
phan tmg thuy phan vd ngung tu, se din den viec hlnh thanh mdt pha mdi - do la Sol. Gel Id 
he phdn tan vi di the, cac hat pha ran tao thanh khung 3 chieu, pha long ndm d khoang trdng 
cua khung ba chiSu noi tren. 

Bang phuong phdp sol-gel, khdng nhung tdng hop duqc cac oxyt sieu min (nho hon 10 
pm), co tinh ddng nha't cao, bd mat rieng ldn, dd tinh khidt hoa hoc cao ma con cd thd tdng 
hop duqc ede tinh thd co nandmet, cac san pham dang mang mong, sqi... 

Phuong phap Sol-Gel phat trien rat da dang nhung co the quy ve ba hudng chrnh sau day: 

- Thuy phan cac muoi. 

- Thuy phan cac alkoxyde. 

- Tao phtic. 

11.7.1. Thuy phan cac niud'i 

Khi hoa tan mot mudi vd co vao nude se xay ra qua trinh hydrat hoa va tao thanh phtic 
[M(OH 2 ) n ] z+ . Lien kdt giura ion M z+ va phan tu nude duqc thuc hien bdi cap electron tren 
orbital phan tu lien ke't 3a, cua H 2 0 vi orbital nguyen tir trdng cua cation M z+ . Ndu cap 
electron nay bi hut manh ve phla cation M z+ (dien ti'ch z tren M ldn, nang luqng orbital cua 
nguyen tu M thap) thi lien ke't H-0 bi phan cue manh va xay ra qua trinh thuy phan: 
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[<H 2 0)„.,M — OH 2 ]-OH 2 ^ [(H 2 0) n |MOH] u ' 1)+ + 11,0' 
phirc aquo phurc aquo-hydroxo 

[(H 2 0) n l MOH] u " n+ + OH 2 5== [(H 2 0) n .,M=OH 2 ] <z ‘ 2,+ + HjO* 

phurc aquo-oxo 

Qu£ trinh thuy phan c6 the duoc md ta don gian bang phan ting sau: 

[M(H 2 0)„] z+ + hH 2 0 [M(OH)j l (OH 2 )„. h l <z ' h)+ + hH,0 + 

Trong do h duoc goi la ty so thuy phan. 

Trong ndi cSu phdi tri cua ion phtic tren co ihi co d6ng thdi ba phoi tCf: H 2 0, OH , va 
O 2- tuy thude vao dien rich z cua M va pH cua mdi trubng. Cac cation mang dien rich nho 
(z = +2 va +3) trong mdi trudng axit t6n tai d dang phtic hexa aquo [M(OH 2 ) 6 ] z+ . Khi tang 
pH se tao thanh phurc aquo-hydroxo [M(OH) h (OH 2 ) 6 . h ] u ' h|+ . 

C&c cation mang dien rich Idn z > 4 (nhu Ti 4+ , Zr 4+ , Si 4+ , V 5+ , W 6+ ...) trong dung dich 
nude tao thanh cac phtic aquo-hydroxo, hydroxo, oxo-hydroxo va oxo tuy thude vao pH. 

Cac cation mang dien rich ldn z > 6 trong dung dich t6n tai 6 dang phurc tetraoxo 
M0 4 (2 ' K) vdi moi pH. 

Cac quan he tren duoc md ta dinh tinh bang gian dd z-pH nhuaten hinh 11.7. 

Tuong tac giura cac cation vdi nude thudng khong dirng lai d su thuy phan ma co th£ di 
xa hon sau khi nhom OH di vao ndi cia phoi tri, cac phirc don nhan se ngung tu thanh cac 
phirc da nhan theo hai co chd la olation va oxolation. 

Co che olation tao cau ndi gitfa cac ion M z+ va loai H 2 0 theo phan urng: 

M-OH a ~ + M a+ OH 2 -*■ M-OH-M + H 2 0 

Co che oxolation loai mdt phan tu H 2 0 bang each ngirng tu hai nhom OH va hinh 
thanh c£u noi oxy theo phan ting: 

M-OH + HO-M —► M-0-M + H 2 0 

Su ngung tu cua cac cation theo co chd olation hay oxolation tuy thude vao su tdn tai 
cua ion phtic duoc tao thanh trong dung djeh. Co che' ngung tu oxolation chi xay ra khi trong 
ndi ciu phoi tri phan tu H 2 0 duoc thay the' bdi nhom OH. Do la trudng hop dien rich hinh 
thtic z > +4 (gian do z-pH). Mdc do ngung tu cua cac cation tuy thude vao sd nhom OH co 
trong ndi cdu phdi tri nghla la tuy thude vao dien rich z va pH cua dung dich. Nhumg ion 
phtic chtia it nhom OH thudng ngung tu thanh cac oligomer chtia khdng qui 20 ion kim loai 
nghla la tao thanh cac polycation va polyanion. 

Nhu the pH cua dung dich la mot ydu td quan trong edn dieu khien de thu duoc san 
ph&m co thanh ph£n va tinh cha't mong muon (kich thude, hinh dang va thanh phan hat). 
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Phucfng phap thuy phan cac muoi c6 nhieu uu diem nhu: 

- Diiu chd dugc cac pha gia ben. 

- Khdng che dirge hlnh thai hoc, kfch thucrc hat (co thi t6i nm) dung de ch£ tao cac 
huyen phu b4n rrong cac dung moi khac nhau de san xuat cac sgi va mang mong. 

- San ph^n co gia thanh thap. 

Phuong phap nay lit l£u da dugc ap dung 6 quy mo cong nghiep san xuat bot mau oxyt 
sat, oxyt nhom va trong nhfrng nam g£n day dugc dung de t6ng hop cac oxyt phire hgp sieu 
mim, tinh the nanomet. 



Hitih 11.7. Gian dd dien tfch - pH cua cac cation kirn loai. 


11.7,2. Phucmg phap thuy ph&n cac alkoxyde 

Alkoxyde hay con goi la alkolat co cong thuc M(OR) n trong do n la so oxy hoa cua 
nguyen to M, OR la nhom alkoxy (goc cua mot axit huu co ROH). 

Theo quan diem axit-bazo, co th 6 coi cac alkoxyde la cac hop ch&'t dugc tao thanh boi 
mot bazo va m6t axit rat ydu (ROH) do do chung rift de bi thuy phan theo phan ring: 

M(OR) n + nH 2 0 ->■ M(OH) n + nROH (11-1) 

Thuc te' qua trinh nay phric tap hon nhieu nhung co the dira ve hai qua trinh thuy phan 
va ngung tu ddng thoi kfift qua cuoi cimg sinh ra khung oxyt hoac hydroxyl, 'loc do cua qua 
trinh thuy phan va ngung tu anh hudng den cau true cua Gel do do co vai tro quyet dinh l£n 
linh chit cua sail pha’m. Di6u khien dugc loc dd cua hai qua trinh nav co the' tdng hgp dugc 
vat lieu d dang khoi, hat va mang mong nhu mong muon. 
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a. Suthuy phan cua M(OR)„ 

Ket qua nghien ctru cua nhidu tac gia cho th^fy co che' thuy phan cua M(OR) n dien 
bien theo sa dd: 

H 2 0 + M-OR “► H 2 0: "M-OR -► HO-M” OHR —► M-OH + ROH 

(a) AN (b) trang thai (c) van chuyen proton. (d) loai ROH 

chuyen tiep Co che ai nhan SN 

Trong phan tu H 2 0, nguyen tir oxy con du hai cap electron chua tham gia lien k£t, co 
kha nang tan cong ai nhan Idn, de tham gia phan ung cong vdi M duang dien (ca che' c6ng ai 
nhan AN: addition nucleophylic) de sinh ra trang thai chuyen tie'p (b). 

Nguyen tir M duang dien hut cap electron vd phfa minh, lam tang do phan cue cua lien 
ket H-O. Nguyen tir H tra nen linh dong han va di chuyen sang RO lam cho lien k£t M-OR 
yeu di va ket qua cu6i ciing ROM bi loai ra khoi phan tir R(OH) n (co che ai nhan SN: 
nucleophylic substitution). 

Cac qua trinh tren se thuan Igi khi tmh ai nhan cua phan tir di vao (H 2 0), linh ai dien tu 
cua M va tmh chat di ra cua phan tir bi loai (ROH) la ldn. Ttfc do the ai nhan cang Ian khi: 

- Trong phan tir M(OR) n chua bao hoa phoi tri (so ph<5i tri N > s 6 oxy hoa n). Hieu 
N - n cang Idn, nang lugng hoat hoa cua giai doan cong ai nhan cang nho, toe do thuy phan 
cang Ion. 

- Kha nang van chuyen proton d trang thai chuyen tiep (b) cang ldn. Kha nang nay 
cang Idn khi M cang duang dien. Cac kim loai chuyen ti£p co orbital d so phoi tri bang sau 
thudng ldn han so oxy hoa cua M trong alkoxyde nen phan ting vdi H 2 0 manh hon so vdi 
cac alkoxyde cua silixi (N = n = 4). 

Bon phan ung thuy phan, alcoxolation, oxolation va olation tham gia vao sir bi£n d6i 
alkoxyde thanh khung oxyt do do cau true, hinh thai hoc cua cac oxyt thu dugc phu thude 
rat manh vao sir dong gop tuang d<5i cua m6i mot phan ung. Su dong gop nay co the td'i uu 
hoa bang su dieu chinh dieu kien kinh nghiem lien quan den: 

- Th6ng so n6i: ban chat cua kim loai va cac nhom alkyl, ca'u true cua alkoxyde. 

- Thong so ngoai: ty so thuy phan h = [H 2 0] / [alkoxyde], xuc tac, n6ng do, dung mdi 
va nhiet d6. 

Xuc tac axit hay baza khdng nhtfng anh hucmg len dong hoc cua phan ung thuy phan - 
ngimg tu ma con lam bien ddi hinh thai hoc cua san phtfm thu dugc. 

Ti(OR) 4 (N = 6, n = 4) b| thuy phan rat nhanh dan den sir tao thanh ket tua ngay khi 
them nude vao he phan ung. De giam qua trinh thuy phan - ngimg tu nay, co th^ them vao he 
phan tfng mot axit cacboxylic hoac mdt p-dixeton nhu axetylaxeton CH 3 -CO-CH 2 -CO-CH 3 . 
Nhiing cha't nay chi thay the mdt nhom OR nhung tao dugc hai lien ket vdi kim loai M va do 
do lam can trd qua trinh ngung tu. 
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Hinh 11.8. Sir thuy phan cua alkoxyde M(OR) 4 
khi co mat acetyl - acetone (M = Ti, Zr, Ce). 


Su ngung tu 

Qua trinh ngung tu xay ra ngay sau khi nhom hydroxyl co mat trong n6i c£u phtfi trf 
va co ch € cua no kha phtic tap. Tuy thupc vao didu kien thirc nghiem ma co the xay ra ba co 
che canh tranh: 

- Co ch£ alcoxolation: 

M-OH + M-OR—► M-O-M + R(OH) (loai bo ROH) (11-2) 

- Co che oxolation: MOH + M-OH ^ M-OH + H 2 O (loai bo H 2 O) (11-3) 

- Co che olation: co che nay xay ra khi trong alkoxyde chua co su bao hoa phdi trC 
(N > z); trong dung dich ngoai M(OR) n con co muoi kirn loai M’ khac va cac dung m6i 
ROH, H 2 0. Tuy thu6c vao n6ng d6 cua H 2 0 co trong moi trudng ma co the cd cac phan 
umg sau: 

M-OH + M’—OHR —► M-OH-M’ + ROH (11-4) 

hoac M-OH + M*—OH 2 “► M-OH-M’ + HOH (11-5) 

Cac phan urng tir (11-1) den (11-5) se tham gia vao sir bie'n d6i alkoxyde thanh b6 
khung cac oxyt. Do vay ma ca'u true va hinh thai hoc cua cac oxyt thu duoc phu thubc ra't 
nhieu vao d6 manh hay ye'u cua m6i phan ung. NghTa la co the thay d6i cac thOng s 6 nhu ti 
s 6 thuy phan h = [H 2 0] / [alkoxyde], chat xuc tac, n6ng d6, dung m6i va nhiet d6 de’ lam 
bie'n d6i hinh thai hoc cua vat lieu thu dupe. Tuy nhien, gia thanh cac alkoxyde kirn loai ra't 
cao nen viec urng dung phuong phap nky bi han che' nhieu, chi sir dung phuong phap nay 
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trong nghien cuu khoa hoc de san xuat mpt so bot g6m dien tur dSt tiPn. 

b. Sol-Gel theo each tao phitc 

N6i dung cua phuong phap nay la cho them axit xitric HOOC-CH 2 -C(OH)(COOH)- 
-CH 2 -COOH, etylenglycol vao dung djeh muPi cua cac kim loai co trong thanh phdn cua 
oxyt phut hop, sau do khuay va dun nong cho t6i khi uo Gel dPng nh£t. S£y Gel d£ dung 
mOi bay hoi, thu dupe xerogel. Nung xerogel se thu dupe oxyt phurc. 

Nhung khac biet co ban cua hai phuong phap Sol-Gel alkoxyde va Sol-Gel tao phurc la: 

- Qua trinh xay ra trong phuong phap Sol-Gel alkoxyde do t6c dp thuy phan va t6c dp 
ngung tu quyet dinh n£n co th£ dieu khiPn dupe qua trinh nay. Trong khi do qua trinh 
sol;gel tao phurc lai do cac phan urng nhiet dpng quyet dinh nen rtft kh6 khPng che diPu 
khifin. Tuy nhien, day lai la uu di6m cua Sol-Gel tao phirc vi qua trinh ngung tu tiep tuc 
trong Sol-Gel alkoxyde se lam biin ddi cau true cua Gel, qua do la bie'n dpi tinh chat cua 
thanh ph^m. Trong khi do Sol-Gel tao phurc kh6ng chiu tac dung cua sir bten dpi kieu nay. 

- Trong Gel alkoxyde, khung oxyt da dupe hinh thanh. Gel tao phirc lai dupe ca'u tao 
tir cac ion kim loai va cac cau tu huu co. 

11.8. EP KHI TlNH 

Day la cong nghe dac biet nham nSng cao mat dp kim loai, nhat la kim loai mau, 
thudng dimg trong cong nghe hang khOng, vu tru. Nguyen ly cua phuong phSp la, dung ap 
luc itft cao cua khi nen 6 nhiet dp gin nhiet dp nong chay de ep chat kh6'i vat lieu. TP chile 
cuoi ciing thu dupe gin nhu sit chat hoan toan, khong con 16 xop kP ca 16 x6p t£ vi khi d6ng 
dac. Npi dung cua phuong phap: 

Dat chi ti£t vao buPng nen, tao chan khong trong buong nen, nang nhiet tir tir den gdn 
nhipt dp nong chay cua kim loai ep. Bom khi nen vao buong nen cho de'n khi ap sua't dat 
khoang 2000 atm. Duy tri trang thai nay trong mpt thcri gian du de khi nen “ep vat” chi tiPt 
den trang thai co mat dp 16n nhat. Xa khi nen. Sau khi ep, be mat thoi kim loai co nhtfng vpt 
loi lorn do qua trinh dich chuyPn te vi cua kim loai tu di£n day cac 16 xop trong qua trinh ep 
vat noi tren. 
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